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ANGUS, STONEHOUSE & CO. LTD. 490 
TORONTO, ONTARIO 


---Upon commencing ata 30am 

THE COMMISSIONER: Mr. Lamek. 

MR. LAMEK: Mr. Commissioner, first 
of-all. I apologize to you and to other counsel and 
everybody else here for the late start this morning, 
it really was unavoidable. Dr. Mirkin was coming 
in from Minneapolis last night and the wonders of 
modern science overtook him, the aircraft were 
delayed and he did not arrive here until very late, 
and it was necessary to spend some time with him 
this morning and I apologize for that. 

As I said last week, sir, I propose 
because Dr. Mirkin is only available today to lead 
his evidence in chief today and to ask him to come 
back for any cross-examination that counsel may have 
of him at a later date, I haven't been able to 
arrive at a date with him yet but I will let other 
counsel know that just as’ soon as I can. 

Tt should: say “boo, sir, thatebes fiirkin’s 
evidence today will be general evidence as to the 
drug digoxin. I hope he will appear on a later 
occasion to give his expert opinion evidence as to 
the particular assay results found in samples taken 
from particular children whose deaths are under 
review here, but that is not his purpose here today, 
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Mirkin, Gr.ex. 


OS ananteoneo  UbemmerC | ai 

May I call please, Dr. Bernard 
Mawek ny! 

DR. BERNARDOGL woMERKIN pesSworn 
DIRECT-EXAMINATION BY MR. LAMEK: 

Oy Dive rkan tone’ of fiheemcet 


embarrassing things about being called as an expert 
witness is you have to sit and have someone put to 
you your accomplishments and attainments, and I 
don't propose to embarrass you to any great extent 
with this. You have provided me with a copy of your 
Curriculum Vitae listing the positions you have held 
and the degrees that you hold and publications that 
bear your name and several appointments that you 
have received. 

Phwondern;, ois Commissioner; ipterhat 


might be marked as the next exhibit? 


---EXHIBIT NO. 5: Curriculum Vitae - Dr. Bernard 
LDeriipekeain. 
MR. LAMEK: QO; Lf .Can*t spare vau 


completely, Dr. Mirkin. Let me just touch upon 
one or two of the high points. You received your 


Bachelor's degree Fron York University in 1949? 


Ay Yes, that's correct. 
OF And a PRD £Erom Yale in 19537? 
A. Correct, 
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O% Could you tell us please, the 
area of work for your PhD? 

A. mn the work I-performed, it 
was in the area of pharmacology, basically pharma- 
cology, ‘the study cr drugs and their effects in 
living tissue. 

Oye And il years later in 1964 you 
were graduated with a Degree of Doctor of Medicine 
from the University of Minnesota, College of Medicine. 

A. That's. correct. 

Ox And have held numerous positions 
at the State University at New York and latterly 
at the University of Minnesota where you are now, 
as I understand it; the*Drrector of “the Divisiion of 
Pediatracse and Pharmacology; IP mesorry, Clinical 
Pharmacology, and Professor of Pediatrics and 
Pharmacology in the Medical School I take it? 

A. Gonweciue. 

Or In 1973 you were a Visiting 
Professor at Oxford and were appointed a Senior 
Fellow of Jesus College working at the Nuffield 
Institute*™for Medical Research I understand. 

A. Yes. 

Q. Angin the eollowing year, 1974, 


was that the second half of the sabbatical year, 
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you were at Cornell? 

A. No, I did a visiting professor- 
ship there for a brief period of time. 

©. Visiting Professor at.Cornell, 
at the University Medical College Department of 
Pediatrics and Pharmacology. Now, the list of your 
publications is contained in the Curriculum Vitae 
and I won't take the time to refer to any of them. 
You have written on many aspects of pharmacology 
and on many drugs including the one with which we 
are concerned; Gigoxing isethatyanfaLx summary of 
a long publication history? 

yn Yes, with due modesty. 

Oy. Thankoyou,;s | Doetor we Doetor, 
you have just defined for us almost in passing 
what pharmacology is. Could you tell us what is a 
clinical pharmacologist? 

A. A clinical pharmacologist is 
defined in many ways, but I have always felt it 
was jg¢ an individual who was attempting to apply 
basic understanding of the drugs ina setting where 
human disease is present. So that individuals who 
are clinical pharmacologists may not only be trained 
in basic pharmacology but are also considered to 


be skilled clinicians, and this is an area where 
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syngthesis of basic knowledge occurs and applications 
of these principles to therapeutic management of 
patients is engaged in. 

©. I said, Doctor, we are concerned 
here Withee pastLlecularscdrug.digoxinvandsel takelit 
that is a drug with which you have had some contact 


inse Cliniveal.context. 


A. Thaw ShCObrect. 

@; And in a research context? 

A. VES. 

Q. As;l.see-from the Curriculum 
Vitae ; 

As YESis 

OF Can you tell me, Doctor, what 
is digoxin? 

A. Digoxin is a drug ‘that was 


Originally used, oh, some 200 to 250 years ago and 
it is derived from a very interesting flower. I 
brought a picture for you to see and perhaps it will 
be.of some interest to flashes on the screen. 

Of Doctor, I should say we haven't 
had time for me to see any of these things so they 
are coming as a surprise to me. Perhaps if you could 
come down here you could use that microphone if you 
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TORONTO, ONTARIO ane) 

A.. Can you hear me? 

Ox I wonder if we could put on 
this projector? 

A. Giank youl’ Tnhopes f2donvt 
make you do that too frequently. Unfortunately 


I did not have a coloured photograph to place on 
here, but this is the general flower and it grows 
wildjdigitalis lanatum and these petals are white. The 
active product for those of you [are interested 
derives not so much from the petals but perhaps from 
some of the leaves and they are on the stem. I 
have taken the @iberty of bringing Some "of that 
for you, those Gfryouswio Wouldylikestoesee it 
during the recess, in an envelope, a:green leaf. 

There is also in the powder that is 
used to make up tablets, sugar, and this is a rather 
complicated process making up the tablets and we get 
into that.a bitTiater 

The tdrug*1itself*consists of avrather 
complex chemical strocture-and/ Isthought°lr might?’take 
the liberty to ‘showevyou. that quite quickly. 

Oo toeriamay sit down 
while you are doing that and I will be out of the 
way and people can see what you are showing... 


A. The drug actually was first 
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described, the use of this drug, foxglove I think is 
its general name, and it was used by William 
Withering round about 1700. 

The drug is quite interesting because 
even at that time, 1785 when it was actually written, 
used by a Shropshire lady, and in 1785 Withering 
wrote about this which is quite interesting. 

Phrase One says: 

"Let the medicine be continued 

aetormiteeLchner actssonethetkidneys, 

Cue set tien te the pulse or the bowels 

ande lew belstopped upon the first 

appearance of any of) these effects.” 

iM isvquite intriguingwthat mosc 
contemporary pharmacologists and cardiologists will 
still find this to be a very acceptable classifica- 
Cten of Chetarugeact10n . 

The second part of course it has a 
motion on the heart to a degree yet unobserved in 


any medicine and that still holds true to this day. 
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Now, the compoundg At the time 
DEV IVitvering Was Usiig=re crinicatiy, of "Course 
ro*cre Not pass «tne PUA, sandewe, eine-recent times, 
have been able to characterize this. I want to 
Cake tne Prberuy of Showing you this cuite curekly. 

The middle portion is the compound 
that we are going to be discussing today, digoxin. 
That is the chemical. ~"You-can “seé that’ it “consists 
of three basic entities: The steroid which you can 
see up hereon Panel A, this is the so-called steroid 
nucleus, YPhne sterara mucreus is -common to wall of 
the hormones in “tie shuman*bodyy all have “this as a 
basic ‘component2"So you"see digitalis ina “sense 
mimics some aspects of the human hormones. In 
addition, digidtadlisthac thts area here while sea 
Factone pang rand down nhere=tirs “Long “C218 "chain, 
WITCH *s “comporvseisor a sugar. "so vou ave la.ssudar, 
you have the steroid nucleus and this ‘lactone ring. 
Thetis weary evnareaho,talve tis,) On dl goxii and 
there are “ar vanleryeor mourercatrtons of this, 
GLlgLcoxin; *ovlabain et cetera. 

BUL our concern today “1s' tobe 
dealing with digoxin. I am hoping you remember this 


as we get into the testimony a bit later because 


this configuration, the steroid configuration, seems 
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to lead some problems in the assay of this compound. 
There will be lots of discussion about the relative 
merits and selectivity of assay procedures, but 
presumably one of the reasons for this difficulty in 
discrimination 1s the Similarity of the steroid 
nucleus in the digoxin with other compounds naturally 
OCCULT ING adit pie ybody. 

0. Die eki tl, “pare Ot hha message 
es that digoxin or some form or version of digoxin 
has been known to have some active biological effect 
for some considerable time. 

Can you tell me, please, in modern 
medicine, and indeed it may not have changed, for 
wohateconcditaons 1S the uce of the drug, indtcated? 

A. Most frequently the drug is 
Used to, treat patients with what. is clinically 
described as congestive heart failure or, in lay 
teriic ear tollure, that isa condition where 
the heart muscle is, for one reason or another, 
not effectively pumping blood throughout the body. 
Essentially this is described as a failing heart, 
and digoxin has the capacity to improve the function 
of the muscle of the heart. 

0, I noticed before we came into 


Court today that you were referring to digoxin and 
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digitalis almost interchangeably. What is the 
distinetion,.1£ any, between those two? 

A. PeLhrnk Te tS: hasvorivead ‘and 
generic in the sense that digitalis was formerly 
used in the form of a tincture. There may be 
Sone "era enougn tm thre’ room to recall Tts se in 
vider a merins Stivrcurrent ly “preserdbped "in 
that form im some locales. 

What this meant was that the leaf 
Pra) fuced tocar lrer was ground “up and “essentially 
extracted in alcohol and perhaps some water = I 
think mostly alcohol. What this led to was a 
solution Of varying strengths. It could not be 
standardized. So that is generally what we are 
referring to when we call digitalis, tincture of 
digitalis is one way in which this is dispensed. 

Whenit became apparent that the 
digitalis leaf contained not only so-called digitalis 
Aigitalis was a composition or composite of a 
variety of different materials, digitoxin, ouabain 
and digoxin and perhaps other «alycocidesp— the 
effort was made to purify this and use a discrete 
chemical entity, so digoxin was able to be extracted 
and standardized so when a dose is given to a patient 


one knows the precise amount of a chemical substance 
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that is being administered. 

ie OLacuwrce ,Cd2qrcoxin 1S. weed 
Gijnically wextensively,.digoxin.or .Lanovin, as 
the trade name, I think that is what the trade 
name is in Canada, and also another compound 
Ollabain. These are the three major glycocides 
which are used in contemporary clinical practice. 

on Can you tell me, please, what 
is hehe action, of digoxin when administered? 
YGUrtCOLO LMC Ene, cOonaytion- for which at as 
primarily used, that of congestive heart failure. 
How does digoxin deal with that situation? How 
does it assist Le? 

A. The primary function of 


digoxin is to improve the efficiency with which 


the myocardium, that is,the heart muscle, contracts. 


As I mentioned previously the major problem in 


a patient with heart failure is that this pump, 


Rie tiorax, isnot, efrectively circulating om pumping 


blood throughout the body. This leads to a large 
number of unpleasant and non-physiologic 
circumstances in the patient. Digoxin, when it is 
given, improves the efficiency with which the 
muscle can contract. The mechanisms whereby this 


is accomplished are still somewhat obscure but, 
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as you might imagine in 250 years, there has been 
a, lot of research buty like with most research, 
rather slight enlightenment occurs sometimes. 

buc © think it is fair to say the 
current feeling is that digoxin affects an enzyme 
system called sodium potassium A T Pase system which 
plays an integral role in the Contraction-of 
myocardialand perhaps skeletal muscle and by so 
influencing this enzyme system digoxin enhances 
the capacity of the failing heart to more effectively 
pump blood through the body. 


Q. That was its primary effect. 


Is there any other effect? 
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(Lamek) 
bw : 1 | 
2 A. Well, as you recognize, drugs are not 
3 as specific as we like to make them out. 
4 Bieiveh or Pasteur's 
5 magic bullet was not aS magic or aS specific as 
it seemed to be. Most drugs affect a wide variety 
: Or Systems sand =structures inthe body. "infact; 
4 FericwSsarowne cayetiatearugs act, ‘they *have a”’sort 
( 8 Chr Upon, COWS acer y LT ys 
9 Now, dugitalrs ts"no aieta Bae Its 
10 Primary -eLrpect "of -course, is to Irnecrease “the 
il efficiency with which the heart muscle contracts 
12 and, therefore, this. leads to increased force of 
Z contraction, greater efficiency in pushing blood 
around through the circulatory system in the body. 
¥ Another affect that is associated 
S with this is the influence of digitalis on the 
16 specialized conducting system of the heart. 
17 Now, if Lamay diveuge just a bit. “The 
18 heart has an internal ‘intrinsic ‘system:that alltows 
19 an impulse to go from one chamber to the other. 
%6 I was trying to describe that earlier in the day, 
Maybe“ lecan staned up and@show'this to“youl’ This 
e res *theratrium’or the hearty" “That'2L£s* éssentialiy+-- 
22 ; 
the heart has four chambers and the smallér chambers, 
' 23 the lett and +right™ atrium are ‘here. “This isthe 
24 


25 


i ah ' 


Nin 


ly 4 ' ant | i , fits gi id ‘ ie " nl if 7 
Rei an hee waees i me od a9 , 
| ahi earai deloring's 


on 
-s 


ae, hoe en ky cae bh Ab Websabe hip 


Weehay siitw teats eu aus deo ot of ‘bainede 3 


Af i 1 
yIaGT 02 | 1 ant a atau oe 1 rie ‘ me3 wid te 
AY Ly : Vk VaR ibs rpne ‘ “a “ Ms > ‘i fee ,* a bi A aa Jr Pare ‘ Me en " a. i“ wt 
‘ Bae dy SOR Fat Ly TN, iy aaa 4 Nite, CAS Opaa we |) 
ie VNR Rbe etod bp Bid de 
i BERRA GSAS Gey (Rare We Os em 1 
+ 1}, 1 y i 7 Tis y 7 Ye - 
ne | \ } i 
F n ‘ bas “4 
a us EAD WEALD COM eB PO re ce ee Ce uae cs 
v8 eh iry - ¥ De yoReny { $4 Saf ey cit ‘I 1 rw ely { st 7 bey 
SN MORRO MAME ee ts ted Veo) ete Mee eels ME So ny ds he MD | 
$ inn \ ; " ( : 
a MEAL ree Me pe leke sy eens coke eos Umea trae ls) an Deb 
yi ; Pate Pa By { { i \ Wg by) oes wart te f 
re 4 ri F ci ¥ n i ict at + it 
Nt TIO) [thie naa " VOTPerthy Sane a BS gif eine Asew 
{Rot -of¢ Yo mace pitdop has Hobs thage 
Ny Fi 
i if f y ! Vy 4 if 4 F iy i ‘ 
it 
eye he Se Se ta anew oo eee a ene ee ert $v Keorl \ 
’ } } 
f it 
) ~ od! 1 f ree ii, 
i Ta vee ue abt dey thsi do a a ) ¥ 
a ih Se vy Oe ak TI eo, Pe “ie 9 = Pe an 3 Lager ne 
Pt Pp | A qua be Disk oll dl Fi che! | hy - ie - rn \ 
a MD ee Se a an i Gan “ye | GR ELEN Ts! | eM r) oe 
j { ; ; w 7 4 o } pi ul 4 
, ? im its a hi« dustin a | ee Me ou roe Ps a A ig y 
. a OW an ca, | SPEIER Sees err) pr & a we TM cli 
— 7, of _" we ba o hla i aie) ne unk of ua Tiare Oa, 
(ice me Re, oa) Wee eet j #' mvt 1 te it sa 
: stlimact<) oid Cement Ort) Re nina ‘conc aif! opr alia 
Fe yt " 
iy 


edy wee Lae Tiga & oa) wed “t i) Dr ia ‘Nash et 


AG U2 air j 
rT } ' ; 4 ji Ae thal it 
UE Pe hee 


Gl i 4 
i * a | i 

_ 4 
. 

rr 

\} 
1 : § 
i : 


24 


25 


Mirkin, dr. ex. 503 


ANGUS, STONEHOUSE & CO. LTD. (Lamek) 
TORONTO, ONTARIO 


ventrical, which are the left and right ventricals, 
which are really the pumping stations for the heart. 

Connecting the two, my thumbs, are 
a sequence of networks that are not dissimilar to 
telephone wires. So that an impulse arising 
in the atrium is carried through this network, so- 
called atrial ventricul@e node,which is the name 
Given. tos.it, stouthe ventrical, and,this.»impulse 
beats here. So,the normal sequence would be the 
sequence Of this sort. ofl beat in the atrium going 
through this pathway and contractions in the 
ventrical. 

It is here now that digoxin not only 
acts to increase the force of contractions, but has 
atiser ect on, conduction, so, that. the; impulses at 
certain concentrations are impeded; that is, 
the rate of conduction down this pathway is 
slow. 

As a consequence of this, too much 
digoxin leads.to.a.dissociation.of the beats.in 
the atrium and the ventrical. You have what is 
called atrial ventricula@W dissociation, and that's 
a very, very dangerous situation where the ventrical 
is beating on its own at a very slow ratejand too 


much digoxin, too much, will lead to a state where 
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the heart essentially stops beating in a state of 
Sustained and intense contraction. 

So, then, let me recapitulate. You 
have thespositivesrtherapeutic jeffectrof the idrug, 
it's increasing the contraction of and the 
efficiency of contraction of the muscle, You have 

where ; 
a Situation with too much digoxin can cause a 
sustained and unrelenting contraction with loss of 
function. You have a situation where the conduction 
from one portion ofetherheart to the other portion 
of the heart may be impeded by too much digoxin. 

I think those characteristics of the 
effects of the’drugsprobably. are. the ones that 
are the major ones and from which we can really 
adduce any other effects that are observed with 
this drug. 

Or Poctor, you referred to atrial 
ventricula¢g dissociation¢ if there is too 
much digoxin at work, and you have described 
that as a very, very dangerous situation. At 
levels which are commonly regarded as therapeutic 
and I want to come back to just what that means 
later, but at levels that are commonly regarded 


as therapeutic, is there nevertheless some element of 
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1 
2 this blocking or slowing down of the impulse through 
3 the atrial ventriculeg node. 
4 A. Well, to specifically answer 
‘ that question. We are getting into the realm of 
how does digoxin exert its beneficial effects. 
: What's the consequence of improving the contraction 
: Ofethe hearuyyisch thilsagood ong bada forpthes patient 
8 and what sequelae emerge from it. Obviously, 
2 if we have a failing heart it stands to reason 
10 that improving the efficiency of the contraction 
11 will generally have a beneficial effect on the 
12 patient. 
is Theswaye thusvoctursrishthnat ins 
patient with a failing heart, the amount of blood 
that is pumped out by the heart per unit time, that 
15 is, the so-called cardiac output, the amount of 
16 blood pumped out is reduced. 
17 For each beat of the heart a smaller 
18 amount of blood is pumped out than occurs ina 
19 normal individual. The heart makes up for this 
a byPinereeacingtitssratet 
If you have a smaller amount coming 
ie Out per beat, you increase the rate you have, 
+ Over a given time equaly perhaps what a normal heart 
23 
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can achieve at a slower rate. 

You've probably read about marathon 
runners who have heartrates of 40 after running 
21 miles’ == not quite mine -~ but that is how 
that is achieved,because the well conditioned 
individual can pump large amounts of blood each 
beat. The person in-a failing heart pumps a 
small amount of blood and to compensate for this 
must have a more rapid heart rate. 

SOF the patient in failure will 
have these characteristics. 

Now, digoxin, by improving the force 
of contraction, allows notonly more blood to be 
pumped per unit per beat, but improves the 
general adaptation of the body to this condition 
so that once the body recognizes that the heart 
is putting out a large amount of blood per beat, 
it slows down the rate of the heart. So, vou nave 
a reciprocal system. 

The way this is achieved is by 
nervous structures in the body that receive this 
Signal and send signals to the brain which then 
sends a signal down to the heart to slow down its 


rate. This is achieved through a nerve called the 
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vagus nerve and the vagus nerve has a profound 
Sttectsons tne sintrinsic heart, rate; through.uts 
action on the sinoatrial node, the SA node, which 
use Loca ted. ane the. small, chamber,: the,atrium.:,) 1s 
thaittyast ? 

Oy Ves eietnink that dedposi us, 
DOC LOR. 

Sombuhatey tide understand you.correctly, 
the reduced heart rate is a result of the strengthened 
and more efficient contmactions. of..the: heant, 

A. Exact ly...) 2 tess ah. compensatory 
response of the body to the improved condition of 
es Sew Gd ak On: 

Ox Now, sou, have told ws,of, the 
prime nyacondatiom.fore which; the use of digoxin, as 
indicated. Is there any conditiong for which 
its use is -- I believe the term is contra-indicated? 
It's not a lawyer's term and it doesn't trip easily 
from my mouth. 

A. Well, I think one could define 
the circumstances where digoxin should not be used. 
Now, I'm not quite certain whether you are 
alluding to specific cardiac disease states. 


O. yes, I am interested in cardiac 
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States, ives. 

Bik Yes. paewell-e Dethinkethat 
certainly in some individuals where there are well 
defined rhythm disturbances, it is questionable 
whether digoxin should be given. For example, when 
individuals have abnormalities in their ventricular 
rate, where they have ventricular tachycardia, for 
example, no one should give digitalis because this 
will exacerbate the condition. 

Ox Mmuisornvy , Doctos, al have to 
interrupt you. Tachycardia means fast heart rate? 

A. Very fast heart rate. That 
is where the ventrical per se is beating very 
rapidly. Now, this gets to be a bit complicated. 
There are a variety of conditions which can cause 


a rapid heart rate. 
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One of these conditions is a situa- 
tion where the atrium is beating Vveryryrapidly.and 
thats: Hi stcadehedt ates aul tine or atrial 
ETOCter ee) it fel Ssuedsevddien Halt sudict arsed eins ian 
effort to slow down the rate of conduction of 
impulses to the ventrical, and the net clinical 
eprect 1S .to zesnuitm Mainwa Slowing of ventricular 
rate. I hope that point is clear, it is not 
responsive to the question you asked because you 
asked what condition should we not use it. 

O. Yes. 

A. itamnarbettleuhard pressed ito 
answer that clearly now and maybe I can defer that 
for a moment. 

Q. Okay. You have identified 
ventricular tachycarai ae 

A. Ventricular tachycardia 
is a distinct case where it should not be used. 
It probably should not be used, or used with 
caution, certainly in patients who are known 
to have significant electrolyte deficiencies. 
That 1S something we can get into later. 

Ox de eM.SOrry», Can Vol sjust 


define electrolyte for us. 
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A. It should be used with caution 
in patients who are in situations where the potassium 
level Rinne selcod and/or siissues his; verypilow. ackkso 
one might argue that where the calcium levelis very 
high it should be used with caution, though it can 
certainly be used in those conditions. 

We will define some specific cardio- 
vascular conditions where it probably is contraindicated 
a bit later. 

OR Anos howwamn a clinacal setting is 
the drug administered, Doctor? 

A. The normal routes of administra- 
tion are oral and parenteral, and by the latter I 
include intramuscular and intravenous routes of 
administration. 

O.. Parenteral meaning essentially 
what, through the wall of the body? 

A. Yes. Not through the alimentary 
canal. Ido have a reprint, a German reprint in which 
the drug was given as a suppository in an alleged 
murder case which might be fascinating reading for 


historians. here, 


Q. Or German reading historians, 


anyway. 
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TORONTO, ONTARIO 
(Lamek) 
A. Well, I thought everyone was 
bilingual here. 
Os AbLbyeight,<then, Doctor}jmeonce 


we have identified a situation which calls for the 
administration of digoxin and the drug has been 
administered, either orally or as I say intravenously, 
can you tell us please what happens to the drug im- 
mediately after administration, and what does it 
do, where does it go, where does it accumulate and 
how does it do whatever it does? 

A. Well, let me get back to the 
Grawing iboardyon this! for-a.minutes«. »l traed to make 
some of these diagrams as clearly as I could, so if 
there are any questions, please don't hesitate to 
interrupt me. There are two possibilities, or 
probably more than two. One Situation occurs when 
the drug is given orally and this is the most 
common route of: administration in patients who are 
noGrsacucel Yau, wor who wne.too momibund:--to ttake the 
Cisiig,. 

When the drug is given orally, and 
this is digoxin, it comes through the esophagus and 
gets into 


the intestines, you can see it through 


here. In the intestines we have absorption of the 
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drugs any drug that! “1s"absorbed fromthe intestines 
Must Gor cnrougm@ a very specialized segment of the 
circulation called the portal system. Now, the 
portal system is simply a mechanism that allows 

the druq togo fromthe intestines; as” you ‘séeé 

this arrow, back into the liver, this is essentially 
the portal system (indicating). ' It is a specialized 
series of blood vessels that feed into the liver. 
Sop dofisequently “avdrugpyany ‘drug that is given 
orally must have this pathway. From the liver a 
certain amount of the drug may be found in the liver, 
a certain amount of the drug may be metabolized 

in the liver. But in this particular case, with 
digoxin, very little is metabolized. Virevalny 

not for practical purposes, but we will say 95% 

is non-metabolized and 5% possibly metabolized, 

we can use those figures for our dialogue today. 

The drug, once it gets into the liver, 
tHat part) which is’ not bound to the liver then 
returns to the*systemic, to the general circulation 
and once it enters the general circulation, not 
shown on this diagram, it then can be distributed to 
other tissues-’ana’organs*inithe body 


I point this out merely to illustrate 
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TORONTO, ONTARIO (amen) 

1 

2 the rather circumventuous path that an oral dose 

& takes before it gets into the bloodstream. This, 

4 Sty Courser @oumvathwalivdrugs), and thisetraversing 

5 through the intestine and the liver results in 
the fact that you have a blood level peak that 

: occurs one to two hours after ingestion of digoxin, 

‘ inthis case; wand iti varies: with other drugs: 

8 You can see that the peak level is 

9 going totbe®intlwenced by a lot of other things. 

10 You might have a circumstance where a very active 

11 dicipthypomotiwlity ,/eyoucmay have. ahnsulcerwand \T 

2 amestre Loam covering; with that category, 85% of 

fe the people in the room, or perhaps you may be 
constipatedvwand that:-makes,it 100%. . All of these 

" factovesiniluencesthe absorption of«therdrug)in 

1s antindis7idual. 

16 Asea matter of fact,ecathartrecstand 

17 other things that patients use can aiso influence 

18 Pnelabsouptionsofethe drug? es Ilethink*the, crucial 

19 thing is there is a temporal lag between the 

on administration of the drug and the development of 
the maximum blood levels. 

i To give you an idea of the distinction, 

i Or ateleast a clear distinction that can be made 
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between the oral route -- can you all see this? 
In the upper left you see the pattern here, the 
patient is given the drug and about one to two 
hours after administration it goes down, this is 
a Single dose. 

When the drug iS given intravenously, 
this is now the parenteral route of administration, 
we have as you know a very rapid onset of relatively 
high concentration. 

there ‘are’“two- points I ‘just "want to 


illustrate about these diagrams. One is when we 


use the drug orally, you can see for this illustration 


at least that the concentration achieved is probably 
lower than when an equivalent amount is given 
intravenously. Okay. The reason for this is 
with the intravenous route you have the entire 
arug t*oneentration,+there 1S no* loss;“all°going into 
the bloodstream, so 100% of the drug is being 
delivered, this gets into the concept of bio- 
availability which I presume has been discussed and 
werwrllPqe+ante > that®a% bit" later. 

You can see that obviously if we 
use the same amount here in the oral as we used 


in the intravenous administration, there must be 
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TORONTO, ONTARIO Camels) 
1 
2 some material that was either lost or the rate of 
3 absorption essentially occurs at such a pace that 
4 the rate of absorption may not be equivalent to 
5 the rate of elimination. 

Now, the point there,the drug 
; digoxin is eliminated by the kidneys, primarily, 
f and you must be aware that patients who have poor 
8 renal function eliminate the drug more slowly and 
9 we, can get into} that. a)bit..later.,. I. just want: to 
10 illustrate here the distinction between the oral 
11 on the left and the intravenous on the right. 
12 Os, Dect Or m.could ~ Gust bevelear 

about a couple of things. 

13 

a Sure. 
14 

QO. First, while you have this 
19 transparency on the screen, you are referring at 
16 this stage only to levels in the circulatory system. 
17 | A. That is. connect, 
18 OQ» And that is what the graphs 
19 are showing. As I understand it, the circulatory 
aint system really acts as a delivery system delivering 
& 

the dnyg tothe various,.organs and .tissues,in the 

ef | 
an | body. 
22 

A. that a1 S..correct. 
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Os Now, in terms of the apparently 


lower levels in the circulatory system that are achieved 


after a couple of hours after an oral dose of 
digoxin, sas scomparcd. with sani antravenous dose of 
di'goxiinan Supartwor vche iexplanation for that 
apparent loss is that the absorption is taking place 
into the bloodstream over a longer period of time, 
and therefore the total amount of digoxin absorbed 
into the circulatory system, even by oral administra- 
tion, may be very close to that which is delivered 
directly to the circulatory system by injection? 

Be Yes), tthatids ay wery puecise 
analy Sie, Al Man us,siniprove jon «bt... Thatws, perfectly 
Comrect.e i yihe: only addition 1I,,ceuld make, -the.only 
addition I would make is that a way of measuring 
what Mr. Lamek has just described is like taking 
the area, if you look under these curves there is 
an area. Can you see it? And one’ can integrate 
this area. The area under this curve and the 
flat area under this curve, although they look some- 
What different, you will find they are very close 
to one another, and that is a reflection of the total 


amount of the drug. Essentially what he said was 


that the absorption of this drug and the bioavailability 
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Miri, <dir.ex. Hie 
(Lamek ) 


of it 1s excellent, so that 85%, sometimes 903% 
of a given dose can be assumed, based on 
experimental data, to have been received by the 
individual's circulatory system, that is very 
high when we compare with other drugs. 

OF One other thing on the two 
transparencies, Doctor, and the other one doesn't 
really turn upon what is on the screen. You said 
very little of the drug is metabolized, could you 
please define for us metabolized. 

A. Yes. Metabolized refers to 
conversion of the drug to the molecular species 
that are different from the parent compound. These 
new entities are formed by enzymatic processes 
that exist in infants and in adults and generally 
occur aS a consequence of enzyme activity occurring 
in the liver, though” not exclusively but primarily. 
These compounds may or may not be biologically 
active. As a rule, the body's defense is to 
convert active drugs to inactive products, and 
this is a detoxification process, but the wisdom 
of the body is not absolute and sometimes it converts 


these compounds into more active drugs, or into 


drugs that are, may have equivalent pharmacologic 
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activity, “In the case of digoxin, though, while 
various products can be produced, the human, and 
this differs from animal studies, and humans in 


particular metabolize very litle of it. 
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In@raety, one canrrind excreta in°*the urine; 
primarily intact digoxin. I used the figures 
90° percent and 95“percent and I think those’ are 
figures that you will probably hear from others as 
well. 
Oe Doctor, to this point we have 
Got ther dagoxin either “from oral or” intravenous 
administration into the circulatory system and that | 


is the delivery vehicle, is it not? 


As COEEFeCet. 

Or. Where does it deliver the 
Guvocx Lieto s 

A. Peek baw. LocOo UOStatrs = Lom 


a MOMent? 

The point that we are touching on 
now is what happens to the drug once it gets into 
the circulatory system and as has been described, the 
drug in the circulatory system is not capable of 
exerting any pharmacological response. It only 
evokes a response when it contacts discrete areas 
in specific organs. These specific areas are called 
receptives. These are the target sites at which 
drugs work and appear to exert their biological 
effects. 


The drug distribution pattern of any 
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TORONTO. ONTARIO (Lamek) 
1 
2 drug really depends on two primary factors. One 
‘ is the affinity Ol tiene asue Lor thesdrug) the 
4 so-called, I would say, the avidity with which an 
2 organ takes up a given molecular species and 
elinge told, so-called? binding: 
7 Sot you havelithisfactor ofvavidity, 
: atranity, there are technical’ terms,’ but’ I-’think 
8 this will define exactly what we are talking about. 
9 Tftone has a series of organs: wijth 
10 comparable avidity, the single critical determinant 
11 that influences how much drug goes to that organ is 
12 theitrelative anount of blood that is) pumped out 
from the: heane, whow mich ofthat bloodwreallyis 
i Gistributecr to that’ Grdan per unit’ time, So af 
Mi you have something that will bind equally the 
15 determinant that regulates how much drug gets to 
16 the iordan’yis che watelhatiwhich iti-gets) tor that 
17 ongam. WiThat:d sitgoing? tovbe-al function of blood 
18 flow. So you have blood flow as another critical 
19 factor, organ blood flow; those two factors. 
20 As I mentioned earlier, and I 
thought I would do it this way because there are 
be Geingisobe distance, iar cthe relative concentrations 
# that might be achieved, depending on the route of 
23 administration of the drug - I do not want to confuse 
24 || 
25 
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TORONTO, ONTARIO (Lamek) 

1 

2 you, there should «be,no) confusion in,your mind 

3 that once a drug gets into the circulation, that 

4 is the general circulation, not the specialized 

: circulation, the portal system, but I am talking 
now once a drug gets into the general circulation 

, it is distributed in a fairly constant manner, 

7 regardless of route of administration, once it gets 

8 intoythat generalwecirculation. 

9 If .a,.drug is.administered orally, 

10| as we saw on that diagram, you understand that the 

i1 first organ that comes in contact with the oral 

Me duugmicmthem:iver.itherefore,«Lt)is,very conceivable 
that the liver will have a higher concentration than 

B another organ which may be the specific target that 

8 wel wWantatonactackssror.example,,let.~us,use digoxin. 

1s When the drug is given by this route 

16 it is very likely, and we know this to be true, that 

17 if we were to measure the tissue concentration 

18 shortly after giving the dose, in an hour, let us 

19 | say, we might find higher concentrations if. eae 
liver than in the heart because even though we want 

- to affect the heart we are not interested in treating 

#! the liver. We are interested in treating the heart. 

22] Now,<sbe: distributiony of) the drug 

23 therefore will to some degree, the concentrations 

24 that are achieved in different organs, will to some 

25 
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TORONTO, ONTARIO (Lamek) i | 
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| 


dégree be influenced by .this factor....As a rule, in 
patients who receive a single intravenous dose of 
digoxin, one finds very high, perhaps the highest 
concentration in the kidney, followed by the heart 


ene Beiewliveras Assl.told.you, theskidney, .chis wis 


an intravenous injection, this is an injection where 
the drug does not have to go through the liver 
initially.,,,.Under those conditions .the drug,.is 
circulating in the blood immediately. Most of it, 
no;a largesportion — ‘a large portion will, be: taken 
out by the heart and an equally large portion will 

be taken out by the kidney because both these organs 
give very high blood flows and, furthermore, the 
kidney is a primary organ through which digoxin is 
eliminated in the body so that a lot of the drug that 
you find in the kidney is not necessarily there to 
exert ja pharmacglogicaimefiect@butel buis there lingige 
process of being cleared or removed from the body. 
Very high concentrations can be found there. That is 
with an intravenous injection. 

Withsan oral injection, you may sfind 
somewhat different distribution patterns. I am thinking 
of the major organs. For those of you who want a very 
elaborate organ distribution pattern, I will give you 


a reference and you can go to that. 
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The situation that occurs with the 
Oral route may be somewhat different in that you may 
have a high concentration in the liver, followed by 
the heart and the kidney. This is with single 
injection. One thing we must remember is that when 
we treat a patient we treat a patient over a long 
Penrcdeon time wand tover aglong: period of time one 
achieves what is called a steady state situation 
so that the concentration, the total amount of this 
drug presumably remains relatively constant over a 
prolonged period of treatment. Obviously this is 
very important because having this knowledge allows 
the physician to determine when to change the dosage, 
how much to change it by, and this gets into the whole 
realm of kinetics; and I am not sure what Mr. Lamek 
Waltsmtondonatiithic sjuncture 

Oy Just let me be sure that I under- 
Stand something that you have said, Doctor. You said 
that following an intravenous administration of a 
single dose, the highest concentration will be in 
kidney and heart and I think you may have named 
another organ. 

A. Liver. 


Qe Nhe, Liven.) Let mebeyolesars You 


are referring to the time after the drug has been 
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TORONTO, ONTARIO 
(Lamek) 


deliivercdeby*what I call the stransport«system, ‘the 
circulatory system? 

A. Yes. 

Ox wram right, am 1 not, that | 
initially, immediately following that intravenous 
administration, the highest level will be on the 
transport system itself in the blood? | 

A. Yes. That is»perfectly correct, | 
until it is distributed to the other areas in the body.| 
The distribution of that, the drug will circulate | 
probably between 2 to 5 seconds, I guess, and reach 
other organs. That does not mean that the drug will 
be completely taken up by the organs after reaching 
them because these organs do not bind all of the drug. 
Much of it continues to recirculate in the transport 
system or circulation that we have just discussed. 

On But eventually, as I understand 
it, the train is going to be fully unloaded. The 
digoxin will have been removed from the blood and will 
have bound itself at particular sites in the body. 
LSethatt correct? 

A. That is true. Some will be 
eliminated! some will be bound to tissue in the body. 

Q. Are you able to tell me what 


period of time may elapse from the time of 
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administration of a dose, I suppose the size of the 

dose may be of some significance, to the point where 
there Hasebecn thatyfull distributign of the,drug to 
the tissues and organs? 

A. I think maybe I can illustrate 
that point a little bit with another diagram. 

Let me show you, looking at this one 
again, let us concentrate on the intravenous, you can 
see ->ivhave themeboth i here - you can)see that 
following the injection, now, this injection, let us 
Say, has been given to a patient over, let us say, a 
five minute interval - or it could be 15 minutes, a 
very quick injection. 

You probably are a bit surprised at 
thesveryhrbapidyfakhlvin thissconcentration.  ~it goes 
from about 7 roughly down to 2,almost within an hour 
Orsanrhour andelL5kminutess+ovThatyvissa-veny, very 
raplaitabls 

What is happening to. the drug? To 
use the analogy that has just been projected, the 
transport system, the circulatory system, has all 
ofitherdrugsto beginawithws Assitsis diffusing,to 
the different organs, some of the drug is being 
taken up by these tissues. This very rapid fall 


is called the redistribution phase. Redistribution 
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Fetersyte theluptake of, drug,by-.organssin<the body 
and it is very crucial, as you recognize, because 
it influences the amount of drug that is going to 
be acting at a particular site. 

This occurs, if an intravenous 
injection, here, within an hour. 

However, it is also clear, I hope, 
that the drug does not disappear completely from the 
body because if you follow it out with time you will 
see we are still able to detect drug after 8 hours. 
You see, the plateau is here. It is very important. 

This low level, so to speak, is still 
well within the prescribed therapeutic range for 
effective therapy in a patient. So you have two 
phases that I want you to.concentrate on. One is the 
initial distribution phase. This would have a 
bearing as we talk about toxicity later on in the day, 
the distribution of the drug and its persistence here 
at what are therapeutic levels after the initial 
distribution pattern. 

Where does the drug go when it 
redistributes? It goes two places. It goes to the 
tissues and it is also cleared from the body. That 
is, in the urine and perhaps some in the feces, but 


primarily the urine. I think with some minor details 
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that that wouldmgqiveityou. atbetter sense of tit. 
DP think it is*also useful to 

appreciate (thermiact What jeand ol ‘think tirthlis 

appropriate io tbring tit in there;aif swmay; that 


when we treat a patient with this drug, you say, 


how long does it take to exert an effect. That is 


usuially @a pretty relevant question, I think: 


BB/PS 
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The general information, that is 
available on digoxin will show, and let's -- it's 
the middle column I want you to concentrate on, 
please == .will show this.,,.1. summarized all:- this 
and jada Conga eenox 2 fom you: afivyou. like,..you 
see that the onset of action, that's the second 
ineshere, vic 5.-to. 30 minutes.,, It is really 
extremely rapid. So that one can anticipate a 
pharmacologic effect being induced not 15 or 
30 minutes after oral administration necessarily, 
butecerteiniy I.-07n.30, minutes, after intravenous 
administration. Lief activa wa WOUld..go..sowfam-ast tio 
Say that one could see an effect with this drug 
within five to 10 minutes after intravenous administra- 
tion. That would be either a therapeutic effect and/or 
ALORS Ter rect; 

I don't know if it's -- some of the 
other data we'll get to later and we can use this 
Slide veomidlustnatedthat point. 

er Doctor, just before we leave 
that distribution point, does it follow from what 
you have said that different organs, different 
tissues take up digoxin from the circulatory system 
in varying amounts, or is there equal distribution 


to organs? 
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Ag Nopelbrehinkrethat itaédoes 
follow that different organs will take up different 
amounts Of digoxiny Glhasiistasfunctiontof ther 
blood flow and the avidity with which the specific 
organ binds the drug once it passes through that 
erganginitherblooddsystem< 

QO. A] Peiigintx< 

A. There tare dataythat. ican 
beanjsonuthie. ehl iheve icitations othaticl sprobably 
should make available for the record. 

An overall summary of this, I might 
say, is difficult to generalize on to begin with. 
However, we can achieve some consensus on this 
point if we bear in mind the conditions under which 
I am making these statements. 

I have alluded to the fact that the 
compound digoxin when given as a Single dose has 
a distribution pattern that, when given as an 
intravenous administered dose shows the highest 
concentration can be found in the kidney followed 
by the heart and the liver. 

When it is given orally, there is 
a likelihood that one can achieve a higher concentra- 


tion in the liver that may exceed the kidney and that 
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1 

2 then is followed by the heart; or the kidney and 

3 heart may be equivalent in this condition. 

4 Under so-called study state, when 

3 we are looking at tissue concentrations ina 
patient who has received the drug for a protracted 

i period of time, and let me define that for you 

; because I think that may be important, there is 

8 a specific period of time that is generally 

9 required for an individual to come to so-called 

10 equilibrium or steady state and that is about 

11 a week. 

12 So, about a week after administering 

‘3 tne .aigoxinvoraliy;Vone can"asstime® there ave “Steady 
State concentrations and this may be a little longer 

te in some patients, two weeks, but generally a week 

15 to two weeks is what would be accepted. 

16 O% Doctor, may I interrupt you 

17 just for a moment. 

18 AY Please. 

19 Q. You say about a week after 

5 administration. Do you mean after a week of 
regular administration and continuing administration? 

: A. ARV oP beg* your ‘pardon; “that’s 

“se very good. A week of continuous administration at 

23 
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regular intervals. Thank you very much. 

oF Fine. 

A. Under those conditions we find 
that the general consensus in the published data 
would show that the highest concentration is in the 
ventricular -- and that would be the ventricular 
tissue of the heart, followed by the kidney, fol- 
lowed by the liver and by skeletal muscle. 

We can break this down into greater 
detail for those’ of you who are interested, but-I 
think that this gives you something to work with 
and it perhaps will allow us to appreciate the 
difficulty we are going to encounter in dealing 
with interpretation of the tissue concentrations 
of these compounds. 

OF One s’thing that tis ipretty chear 
from@“the ist, ‘Doctor, its that one cannot talk 
trberally.of diodsin theing hakenitout iby thesheart. 


One has to be rather more precise as to the particular 


Site from the heart that one has in mind; 1s that 
correct? 

A. Yesi/ietheitruth si sague:. 

‘oF Indeed, the atrial muscle 


didn tetogeurvattall imeyournlist lof beading positions, 
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A. iy ted. Duty is think 
it is unfair to assume that it is not taken up 
byaeleset ies iietact, it clearly is and there 
are studies. that show that atrial tissue does take 
up digoxin, though to an extent that appears to be 
less than, that, of thes ventricular: muscle. 

OQ. Okayee DOCtOr,..Voushave) told 
us that normally digoxin is eliminated through the 
kidneys and urine. Do I take it from that that at 
Some, point in sits: wife, that. the, digoxin. that has been 
Douricds iveo O-. deposited on the various tissues that 
you have described and identified that is in some 
way freed of them and eliminated? 

Pes Yes, I think that one must 
recognize that in the curve that we have just looked 
atwwhere there. is avery. rapid, falloff in the plasma 
Ore serum vlevel. of.digoxins. 

As the serum or plasma level -- we have 
plasma levels in the body -- begins to decrease with 
time, if one were to stop giving the drug to the 
patient, the drugs that were bound,.that was bound 
to tissue would begin to dissociate. That would 
mean, would begin to leave the tissues and enter 


into the circulation and then could be detected in the 
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circulation if we were able to have an assay 
that was sufficiently sensitive to detect these 
low concentrations. 

But “the point eis this, “that we mist 
distinguish between plasma concentrations of 
digoxin and total body accumulation. At the very 
best, the plasma concentration is an approximation 
of what may be in tissues. 

Unfortunately, it is the best approxima- 
tion we have at the current state of the art, but 
it by no means tells us what is actually ina 
given tissue. I think this can be illustrated in 
the following. Do we have just a minute? 

Or Sure /OFCCOUESe: 

A. Now, there are two points that I 
WanterOotses Teer can’get across te your, Onetof these 
relates to the accumulation of the drug. Now, wen 
you are treating a patient we seldom, as I indicated, 
give the drug intravenously. We don't have to, most 
circumstances are not that acute. We can handle 
this orally, except in those special conditions 
where the patient cannot receive or accept the drug 
Gra ltl y.3 

When we do that,we give a dose of the 


drug that is calculated to build up to a Steady state, 
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auconstant! concentration; -.and-one’ thatewill’ net 
adversely affect the patient. 

Now, if you start here from zero 
on the ordinate you will see her it says, "Body 
gilycositdesstoves’ !*) This, ista, diagrammatic, expression 
Of Whatetlawantdtoigeriacross. It illustrates that 
we are starting treatment in the patient and we are 
actezeso aAWwhenlweiget upesto,100%,,that'sathe 
therapeutic goal that you and I want to achieve. 

Now, in this circumstance here, we 
are giving the drug at a fixed time every day and 
you can) see thatwinitime,ithatais;néiveshalt-lives. 
Now ,rainaltelife isathe,. timerittakess« forsthe 
concentration of drug in plasma or tissue to reach 
S0thotRitse original devel,+thatidsiall-tittiss aSo, 
Lf the drug goes) from 100’ concentration, that's 
from 100 to 50, and that's five-0 in one and a half 
days, the half-life of that drug is one and-a-half 
days. 

So it is with digoxin, the half-life 
of digoxin is one and-a-half days. 

It is generally assumed, and I think 
this is accepted by everyone, that five half-lives 
of continuous administration, constant administration 


of the drug, will achieve a steady state. So, you 
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1 
2 multiply five times one and-a-half days and that's 
3 virtually, roughly seven and-a-half days of regular 
4 dosage, appropriate dosage, you would achieve a 
5 rere: State in a given patient who has average 
Rena le Uunetionyeeidney unction,)etc.., okay pict 
: Usita encrmal wind inddual 
d Soyer ihopeethis pelbustrates: the 
8 rate of accumulation. You can see you approximate 
? 100% at five half-lives and for digoxin, this is 
10 agidaytand=a shoal iuior thalbfialife,s and thetis 
il equivalent to seven and-a-half days. 
12 Nom, ¢letis slookwatptihe question “that 
+ was raised by Mr. Lamek. What happens when the 
blood level falls down. Suppose we stop giving the 
: drug rorstietpatient stops taking ait..sLet us say 
IS we are up here at 100% and we now go down, we 
16 Stopstaking the drug, you can see it clear into 
7 view. Could you follow me? That is: to say, the 
18 elimination of the drug follows the same pattern 
19 of accumulation. It'svatreciprocal ‘curve, simple. 
20 That means when I stop taking the medication, not 
only does my blood level fall down, but that 
al material thatiis in tissues also becomes released 
a and goes back into the bloodstream and is eliminated 
23 through the kidney or some other process. I will 
24 
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leave that up there in case you want that document. 

On lemus tbvconiesss) Doctors) ieam 
having a little difficulty with that. JI think I 
undemerancctheipoint' you are making. May I ask 
why in the situation that you advance when the 
patient stops taking the drug or the drug us 
withdrawn and there is then a process of elimination 
of the drug which is being accumulated in the body 
or which extends over the same period of time that 
it took to achieve that steady state, I understand 
that, but in that process you Say the drug is 
released from the tissues from which it has been 
bound back into the bloodstream and is then still 
eliminated. Why isn't it merely taken up again in 
the circulatory system by the tissues? 

A. You ask the most devilish 
questions! 

On Well, that's the advantage of 
being simple minded and unschooled in these things. 

A. Weld, ‘okay. Je think: that 
the basis for this phenomenon is that the important 
point to remember is, the drug is not irreversibly 
bound to the tissue. It is a reversible phenomena 
So that when the drug is taken up by a tissue this 


means that not only can it be taken up, it can be 
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released from that tissue. 

The gradient, concentration gradient 
from tissue to plasma is so extreme in this 
circumstance that all of the drug that goes into 
the plasma under these conditions then is able to 


be cleared by the kidney. 
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It is simply that the capacity and avidity -of* thie 
kidney for clearance of the drug is such that all of 
the drug thatcis delivered to the kidney is a 
relatively small amount perhaps, can be cleared by 
the kidney during its passage through the kidneys. 
So that is why none re-enters into the circulation, 
presumably that is why. 


Ox Now in referring to the 


transparency that is now put up on the screen, 
Doctor, I think you referred to normal renal function. 
Now if there were to be not normal renal Lunction, 
what if renal function is impaired in the patient 
about whom you are talking, what then is the effect 
on elimination? 

rn Very simply elimination is 
delayed and the half life of the patient may be 
prolongedrttrom) one™'and a halt days ‘to four or*five 


days. So that if one were to continue with normal 


administration of the drug you would have 
accumulation exceeding the hundred percent that we 
Show. When that happens, when you cannot eliminate 
the drug you keep filling up the pool so to speak. 

It is like dumping something into a bucket and having 
the drain plugged. If you continue adding the drug 


it accumulates, and since the body cannot metabolize 
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this drug very effectively, you get extraordinarily 
high concentrations developing in the patient and 
tiisulesdstroaroxiantyplor maytdeaditoatoxicity: 

Oc Doctor, tIaehaveynoticedso;far 
that in some of the questions that I have asked of 
you I have been referring to blood, and some of the 
answers you have given me you have referred to serum, 
and in others to plasma. Are we talking about the 
samelahnang, orddaiferent things,)andyifstheslatter, 
what is the difference please? 

A. The general measurement of 
concentrations in biological specimens taken from 
the human are carried out in either serum, plasma 
Or in some cases whole blood. 

Traditionally, digoxin serum has been 
used, now serum is the liquid that is left when blood 
is allowed to clot. In some cases plasma has been 
used. Plasma is a liquid that can be obtained from 
blood when the fixed or cloned elements, that is the 
white and red cells, are removed. 

Now generally the way plasma differs 
from serum is that plasma is blood that is not allowed 
to clot and one uses something, an anticoagulant 
such as heparin to prevent clotting of the blood. 


Then finally there are measurements 
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that are made with whole blood which would include 
both the plasma, and the red and white cells. Those 
measurements are generally quite unusual in terms of 
digoxin units and generally the former are used. 

©. Now, Doctor, obviously we are 
interested here in digoxin in a pediatric setting 
and those are the two areas of your specialization. 
Can we talk for a moment about pediatric administration 
of digoxin? Is there in clinical practice a generally 


! 


accepted guide, or rule of thumb, for the calculation 


of the dose to be delivered to a child to produce the | 
desired therapeutic effects? 

A. Yes. This has been established 
quite accurately I think for children of different 
ages, and the guidelines are very clear. I think they | 
are well accepted blood or concentrations of dosages 
I guess is a better term of the digoxin that are used 
in the States and in Canada. 

Ov You say children of different 
ages, is age a Significant factor in the equation? 

A. Yes, it is. I have here 
tabulated for anyone who wants this, a tabulation of 
the recommended digitalized doses of digitalis that 
I can give you and I will get back to that ina 


moment. 
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To answer this last question, yes, 
age, 1S age an important factor I think was your 
question? 

Oz Yes. 

Ae YOs pie LS tent. 15s becoming 
quite apparent that children of different age groups 
have varying degrees of sensitivity to digitalis. 
The available data would suggest that the dosage unit 
dosagevor, gigictalis;, or let. us use-digoxim so. I don't 
confuse things, the digoxin that is used in infants 
versus that which is used in the adults is such that 
the infant receives the equivalent of twice the dose 
an adult gets per unit of weight, twice. 

Oe Can you define infant for us 
please? 

A. Obj aos Reon acer, LSean sn tanto 
30 days of age. An infant is a child up to one year 
of age, et cetera. I think all parents know what 
happens after one year, toddlers. 

Q. They may describe them in 
different terms. 


A. Well some people might describe 


an infant up to 24 months. What I am trying to define | 


actually are different metabolic states and different 


states of pharmacologic reactivity that are associated | 
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not only with ontogenesis, but are associated with 
human development. 

The study of developmental pharma- 
cology really is an attempt to codify and define these 
extraordinary differences that maturation, biological | 
Maturation impart on the capacity of the individual to | 


respond to xenobiotic substances, and in this case 


drugs.) it is profound: Por ‘example, white & give 
you this generalization, it is - I said that the 
dosage of drug that is given to infants is twice that 
that is used in the adults on a weight basis. The 
exception to this statement would be premature infants | 
who are extremely sensitive to digoxin and will get 
lower concentrations, and probably -chiatdren within 
the ‘first’ week or two of life, or neonates. ‘They 
appear to be unusually sensitive to drugs and it is - 
there is also some suggestion that low birth weight 
infants are a bit more sensitive. | 

Now, that is probably a reflection of | 
the varying degrees of biological maturation in these | 
individuals, or in ‘these “children. ~I ‘think T ‘got ‘off | 
the track somewhere, where am I? 

1 es I was asking you about whether 
age waS a critical factor in the equation to determine. 


therapeutic doses. 
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rs Well, I think I answered that. 
Of Yes, you did indeed, you didn't 


S6G Oli utveatrackéataalh,;iDéctor. 

How as a clinician do I know whether 
the dose which I have selected and administered is 
producing a therapeutic and not a toxic effect ina 
chuld? 

A. Sometimes it becomes a very 
harrowing and extremely difficult situation. The 
diagnosis of congestive heart failure is considered, 

I think by most clinicians, to be a clinical diagnosis, 
and I think most experts would concur in that view. 

Likewise the response of the individual 
with congestive heart failure to digitalis, or 
digoxin therapy, also must be viewed from an empirical 
perspective and there are some clinical guidelines 
chateweiuses? A child with congestive failure, or 
heart failure, will feed. poorly, may have fluid in 
the lungs, have difficulty breathing and having a 
rapid respiratory rate, may be gaining weight, that 
is may be gaining fluid, and fluid is not eliminating 
adequately, may have enlarged liver and spleen, 
protuberant abdomen and generally is an ill child. 

The treatment essentially, the decision 


or determination of adequacy of therapeutic response 
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is elimination of these signs and Symptoms among which 
I have listed I think five major ones, and that is how 
the clinician makes a decision, 

It was hoped that this could be 
quantitated more effectively and I am sure we will 
discuss how the blood level or plasma level assist 
the clinician in making this decision of adequacy, 
but I think it is important to recognize at the onset 
that this is a very very clinical and empirical 
process. 

ou Doctor, that is going to: take: me 
next into a series of questions about the symptoms of 
toxicity and the interpretation of serum levels and 
1 wonder, Mr. Commissioner, if this is perhaps an 
appropriate time to break for lunch? 

THE COMMISSIONER: Have you any idea 
as to timing? 

MR. LAMEK: I think if we were to take 
only a slightly shorter lunch break than we normally 
do today, sir, we will finish comfortably this 
afternoon. 

THE COMMISSIONER: All. iota 22 SL. 


MR. LAMEK: 2215. thank .Vvou~ io, 


--- Luncheon: adjournment 
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~—-=On -eSuming 

Mik « LAMEK: >My... Commissioner, <the 
witness will be here directly, but perhaps before 
he, retupns scould, I say two things. 

First, the various transparencies 
to which Dr. Mirkin has referred today will be 
copied and made available to all counsel. Perhaps 
it might be appropriate when we have a bundle of 
them together, to mark them as an exhibit. Perhaps 
Wercouldprneserve the next,.exhibit »number,fors.it <—- 
Exhicb i. taGs 

THE COMMISSIONER: How will we describe 


them? 
MR. LAMEK: Bee How will we describe 


them, Dr. Mirkin, the transparencies that you explained 
this morning? 'Can we havea collective or a generic 
term for those so we can describe them as an exhibit? 

A. Audio-visual celluloids, 

QO. Audio-visual.celluloids.. I 
Pikeathatwa Ltesaundsulike a pharmaceutical prepara- 
tion. A. Or hemorrhoids. 

MR. LAMEK: The second, Mr. Commissioner, 
Dr. Mirkin has agreed, if any counsel would like to 
take advantage of this, to make himself available 


to counsel at the end of today's hearing, I suggest 


in one of the hearing rooms up at 180 Dundas Street, as 


1 ra | armenia PACT 1 a a if a ’ 
ec tL "> italia ge: oe 
t i \ uy Oa, : ; 7 nf 
: : r ay) ie a j hee 
‘ Po 1 } eit i hs Gla fh , 0 es Shy 1 ‘ ! a 
e : iy X ee Re a 
; Fe ‘ Pao ANY My TK , ast , 
res te ? rye) Ai 7 sshd ge Be oy a alee oCan i + “? 
| LC VERO a i area eed Ue hy Bae rf i 
P ¥ 4 f iu f - i} 7 
; j } Na) ea A; " o PA eee 4 ; 


; oy , : wT ¥i 
I ; ive 
‘ i % . a t : 4 
tn 
y ‘hoy 
i I j mi 
Ce ) ty ue | : we 
oe ‘ ve i \f * 42 1 tet I we cra 
Ye ; ey ii, 
¥ ; i 
y b 
wee F ys i , ‘ 4 
: f eo aT 
hie jc Saar ‘esp hy SONS 
4 
<, s . 
; i) ‘ 
} Fi 
DOW. eas PE Leepirrens a Pe 
; fe. rl b 
; 
wan, iH & Senos See hy Y mens 
wae : « 4 
Ath 
' i ¢ 
| 4 ie + ry 
; ro ae i " 
ti D da fod ha t th I ee i Cy be hd 
i 
- fb ela? 
ra - L¢ Adib & 
{ 
i rt pity ae hen va ‘ae ee ; 
A. WY Vash w ewes ae Jud TS 
t ti E ; 
' 1 ; 
al 4 
r a 
. } 
ot a 
> ) Gia 
A 
} ) f f ; 
‘ A - wy ; 
‘ On ih 
ti rt Fs aa 
: r j ‘ i «4 129. fi. 
: orn ’ 
‘ 7 | a : 
ae | ae § 8 PALO DOM Bait. 
' { } ah SS ; 
s " wi , “ oS aa 2 
i fry , a) 9 ie aoe r ot irre J 
i Dae, 
i 7" a 1 
F f : 
ot me) . ip, 
i one f 
\4 
Py 
: i 
oe » t i 
rr \ a i, 7 ©) 1 
4 : i 
! PAY | \ ; co ‘., 
BAG Bat Sonos IL pda: ea bt 
J i , il 
ou an z ‘ee 
P ny gh ‘aves pe 
~ ! 4 P he 
fine vr iden sap" } -f057 ; 
et ; oe SN te { > el oe £4 { we ¥ 
; " 7 oeab 
: san , ein : try eee \ ry f 
j \ ry wy & F t i i r 
: i t s © hh 4s a ‘ r “ ») b 5 Luke uel « dM 
" { 
iy ‘ 
' j ; : eel 
watts ; Lage ; Pees, } t at y 
_- cy +4 rel Cis grr er dri ee ree ee ts Pvey iy “yy et + pet 
, P Lali, fe | AS Crh LG 2.0.9 = ee Be wo eG FD 2) eat Mia istet sta j 
L ; ; ; , ' ; , é 4 
i 
at 
a! L. 


MOBILE Teel Salem OF) aes: oO spednevie aa i 


e feappue \T ftbs ania ah ih erty $s Lseitvos 


~ tad e ho 
8 , Jerse tt gO ( pabzagd vod, 3 ae 
" ; 


heros 


ANGUS, STONEHOUSE & CO. LTD. Mirkaty Ar,"eX’. 546 


TORONTO, ONTARIO ree 
1 
2 I think we should try and clear this court room 
3 as Soon as’ we ‘conveniently can after the end of 
4 the hearing, Lor’ not-an inordinate” length ‘of time but 
5 to assist counsel in understanding the evidence 

today Orvelarvry-any questions in the hope that 
: it may help them prepare for cross~examination 
/ ateay later stage’ 
8 THE COMMISSIONER: That is certainly 
9 veryehelprulw” Your realize; counsel, ‘that’ I will 
10 not be there and the reporters will not be there 
11 so whatever treasures you may glean from Dr. Mirkin, 
rr if you want to put them on the record you will have 
i to do so the next time he is available for cross- 

examination. 
14 
That is something, though, that would 

1s help considerably, because it may clear up a lot 
16 of lines of investigation which I would want to 
17 undertake which would not be productive, so that 
18 I recommend any of you who have any questions of 
19 that nature to take advantage of it. 
36 MAS OTRATHY: Dy. Mirkin indicated 
1 that he had details of references or citations that could 
2 be distributed that would assist us. At some point 
< could these be distributed? 
23 MR. LAMER?Y* “I think “I-can do ‘better 
24 Chania foroMr. Strathy. He is: quite right. (J 
25 
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propose to have those papers, articles, whatever 
they may be, copied and distributed as well. 

Tree WltNaecr lt. could interyecer 
a comment, «my only concern and IT do not know 1£f 
Trslcwa l(egicimace one, but Pf presume T should 
mention 1t, is the patent requirement.» Some of 
tiese are CcOopyrignted articires. ~ In the States 
there has been some concern about that, whether -~ 
as far as I am concerned, these are open literature 
for you to use, whether I am properly allowed to 
Xerox my copy, to duplicate ‘them ‘and ‘send them to 
Vole rCOMmnot mow. Lo think, - have to relyvon 
counsel's advice. He has already advised me. 

THE COMMISSIONER: What did he say? 

MRe LAMEKS” I°think there “are two 
possible answers. Number one is to have the 
Commissioner perhaps require you to do it and then 
you would be responding, of course, merely to 
the wishes of an officer with terrible contempt 
powers or to provide me with the references and I 
will take my chances.on having them copied and 
distributed. We can work our way around it. We 
can resolve it. 


THE COMMISSIONER: All right. 


ey Just one thing that I would like 
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(Lamek) 

1 
2 to clear ub) on. Mirkin,.arom before Junch,..a2£ 
3 IT may. When you were talking about the dosages that may 
4 be appropriate for the small children at least 
5 to achieve a therapeutic result, I understood you 

to say that it is well established that an infant 
i dose may be twice per unit of body weight the adult 
i dose. Do I have that correctly? 
8 A. Tatas COrrect. 
9 oF Could you just explain what 
10 that means? You don't mean in absolute terms the 
11 child takes twice the amount of digoxin as an 
12 adult will take? 
# A. No, but what we are talking 

about now is the amount of drug that 1S given per 
if dose as expressed per unit weight or body surface 
Is area, which is another reference point, reference 
16 measurement, I guess, that is used in children 
17 in developing a dosage. 
18 For example, if a newborn infant 
19 would receive a dosage of 30 micrograms per kilo- 
aa gram, an adult equivalent might be 15 micrograms 
2 per kilogram. 
21 

Q. Therefore, a child weighing 

iz approximately five pounds, two kilograms, on that 
23 basis would receive 60 micrograms? 
24 
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A. Cerrect.+.The.total.~dose 
would be probably less in the infant as compared 
to the amount given to an adult, but the amount 
per body weight would be more in the infant rather 
thon nese adit, Correct: 

OF VOSsmewit aes. a Lune ELON OF 
body weight you are expressing there? 


ve Conmrect. 


Ox We had reached the point, just 


before lunch, Doctor, of toxicity. Perhaps you could 


tell me, please, what are the known symptoms of 
Ga qos tox Loaiby ? 

A. The major effects are on the 
rate fandichythm of, myocardial contractility. 
Mhaite Lsyato. Sayyi thesdigoxin effects, ghis is now 
pheytoxic .ehiects we are talking about -- 

OQ. Yes: 

A. --the major toxicity effects 
are the effect of the drug and rate and rhythm 
of the heart. Early this morning I was attempting 
to describe the effects of the drug on the 
conduction system of the heart. The conduction 
system is the system of the heart that does two 
things: ‘onep uit hinitiates heartbeat; secondly, 


it allows propogation of the heartbeat once 
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TORONTO, ONTARIO (Treaaie) 
1 
2 it is anitiated! in the atrium to reach the ventricle. 
3 These are two important functions of the specialized 
4 tissue of the heart. One is, I will repeat those, 
5 to initiate the heartbeat and secondly to allow 
propogation of the initiated heartbeat from the 
‘ atrium through into the ventricle. 
‘ Digitalis has a profound effect on 
8 those. When one has an overdose of digitalis in 
? the body one sees so-called rhythm disturbances. 
10 A major side effect is decrease in the conduction 
11 between the atrium and ventricle so that the 
12 ventricular rate is disassociated from the atrial 
i rate and to an extreme one has complete disassocia- 
tion of these beats and what is called AV block, 
i atrial-ventricular blockade occurs. That is a side 
Fs 
effect of extreme toxicity. 
16 As a consequence of this, as one 
17 increases the concentration of digitalis in the 
18 body, one also has increased automaticity. 
19 By automaticity we mean the capacity of the 
= tissue to spontaneously initiate a beat. 
- As you can imagine, if you have a 
‘s drug causing different parts of the heart to 
a initiate its own beat, you have a heart that is 
23 beating in an asynchronous manner and this discordancy 
24 
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(Lamek) 
- tam 
ij 2 in beating produces an ineffective heartbeat so 
3 that the normal pumping of the heart will be 
i diminished. 
5 if “allowed “to go toan uncontrolled 
Situation you have what are called premature 
| Ventlicularwextra systoreay “vam sorry to beseige 
| i you with all these silly names -- 
( 8 Ox, Coutd you "Ssperlr thar Cor us, 
| 9 DOCtCr? 
10 A. Ventricular extra, e-x=t<r-a, 
| 11 systole, s-y-s~-t-o-l-e. rewrll) detine that for you, 
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Systole is a complicated way of 
talking about the state of contraction of the heart. 
When the heart is contracted we call it systole, 
when the heart is relaxed we call it diastole. Okay. 
When the heart is contracted we call it systole, when 
Vem Sirelaxed wetcalluct diastole, d~i-a-s-t-o-l-e. 

So, we have systolic and diastolic. 

The digitalis increases the force of 
contraction and the force of systole is as a 
consequence of giving it. When too much is given, 
you not only, inhibits thesconduction Albut you Mmcrease 
the automaticity of the. heart so that it starts 
beating in a way, in an uncontrolled manner, extra 
beatsi*start ‘coming into the cycle. These extra beats 
are called extrasystolics. I use the term premature 
because they come out of the normal sequence, they 
come before the normal sequence of events. So that 
premature ventricular extrasystoles, there is an extra 
beat. Someone, if you have gone to bed at night and 
you had, sometimes you will get a thump, you have the | 
fee bing!thatryour thdart ‘sorteofistops, ethab' siut, {h¥ou 
know, that happens all the time. 

Now; zt is caused by a drug. It can 
be a very life threatening problem. This is a very 


difficult business. So, if carried to an extreme, the 
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heart develops what's called ventricular fibrilation 
where the heart is beating or the ventricle is beating 
in a manner that is non-productive. It's been 
described as a bag of worms. If you can visualize 

any one of fishes or a bag of worms wiggling, a very 
non-productive contraction of the ventricular muscle. 
That's ventricubar \fibrilationi 

That will lead to no blood being pumped 
out and that will lead to a very rapid demise of the 
patient. 

So, to recapitulate then, the major side 
effects or toxic effects are those on rhythm, on the 
conducting system, number one; number two, production 
of extraventricular, extrasystoles, that is, abnormal 
beats and productions#of iventricular fibrillation 
eventuably. 

Very often, if one gives a very large 
amount of digitalis, one can produce complete 
contractions, almost where the heart goes into spasm, 
it contracts on itself. That's something that is very 
rare, of course, and it's the kind of spasm that the 
heart can be thrown into by very large concentrations 
oD dirgoxint 

So, I think those are the primary 


adverse effects that you should be acquainted with. 
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Oye Is slowing of the heart beat a 
BYVmpcom OL sd1goxin .toxicity? 

A. Well, the major thing, the major 
event as far as rhythm is concerned is a change in the 
efficiency with which the heart rate is propogated 
from the atrium to the ventricle. So that one can 
have a situation where the atrium is beating at a 
normal rate and the ventricle is going at its own 
rate. So that this is called idio, i-d-i-o, idio- 
ventricular rate. In that condition, the ventricle 
assumes its own rate, which is generally slower than 
a normal heart rate. That may be 40 to 50 beats per 
minute, whereas, the atrium is probably beating at 80 
to 100 beats.per minute. 6&0,, you have dissociation. 

In that sense, you may perceive it to 
be a slowing of the heart rate. 

Oe Okay. Now, are the changes in 
rhythm.that you.described, Doctor, detectable by 
EKG? 

A. Oh, yes, very clearly. 

OF Are there any other symptoms that 
are associated with digoxin toxicity? Perhaps not 
SO specific as those, but other symptoms? 

A. Well, there are a lot of symptoms 


that I guess would be well in the realm of non-cardiac 
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symptoms. For example, nausea and vomiting are very 
commonly associated with digitalis intoxication. The 
nausea presumably may come from irritation of gastro- 
mycosis, although, that is dubious in my mind. More 
likely the nausea and emphasis arises from stimulation 
in the central nervous system of so-called emetic 
vomiting centres which are well defined in the central 
nervous. system. 

These drugs, cardiac glycosides, 
digoxin, are well known to produce central nervous 
system effects as well. So, emesis, nausea. 

You also have other central nervous 
system effects: visual hallucinations, particularly 
a very well described one is having nightmares in 
technicolour, having dreams in very vivid colours, 
I've always been intrigued with that one. 

Whetner or not contusional states can 
arise from digitalis per se I think is a moot point, 
but it is described. Certainly there are probably 
several pages of other side effects, but I think these 
are the major ones: the heart, central nervous system, 
the gastrointestinal tract. 

oO. Now, Doctor, recognizing that 
serum levels in living patients who are following a 


regime of digoxin administration may not be any clear 
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1 
2 indication of toxicity, nevertheless I understand that 
3 serum levels in such patients are frequently monitored. 
4 Is thateso? 
P A. Theat SssecOrrect.. 
Oo And to the extent that those serum 

: levels are capable of,<16 not indicating toxicity, at 

ql least alerting the physician to the possibility of 

8 toxicity, can we now address the levels in serum, 
9 please? 
10 Parst, may 1 ask you-this though? Are 
11 there any conditions in a patient which may make him 
12 more sensitive to digoxin than perhaps a patient 
re without this condition may be? Are there any, if you 

ake, predisposing conditions. of toxicity? 

- A. Yes, there probably are several 
15 states that may occur which render the heart more 
16 sensitive, more sensitive to a given concentration 
£7 of digoxin. I think I've mentioned one or two of 
18 these previously. 
19 These would consist of the following: 
of One would be a significant decrease in the serum 

i potassium concentration, assuming that this was also 
si parallelled by a fall in the tissue, potassium 
a2 concentration as well. 
a3 Another fact that might make the 
24 
25 
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individual more sensitive would be an increase in the 
calcium concentration, both in the serum and presumably 


in the cell, 
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There are endocrinipathies, that is abnormalities 
of the endocrine system, which are also presumably 
sensitized, the heart, and one of these would be 
hypothyroidism, I guess. 

0, Hypothyroidism? 

A. VYeSje.0 teh ink at would be ythat. 
I was confused, hypo or hyper and I will check my 
notes to make sure about that. 

I think individuals who also have 
intrinsic rhythm defects should be carefully 
evaluated before given digoxin. For example, 
individuals who may have very, who show a tendency 
let us say to spontaneous extrasystoles as I just 
talked about before, there are people who have this 
problem yet are not taking any drugs, and those 
people if you give digitalis or digoxin to those 
individuals you are liable to make that situation 


considerably worse. So that should be of some 


concern because the situation that occurs in diseased 


hearts is such that very often one sees abnormal 
rhythms in a diseased heart without any drugs being 
present and that makes our situation very difficult 
to evaluate, and we may get into that later on. 
Imagine the scenario where an individual, or a 
specific heart is showing an abnormal rhythm, 


ventricular rhythm and then to that situation you 
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add digitalis based on what I have told you that 
will make that situation worse. 

Other situations that appear to 
influence the response of the heart are changes in 
the acid base balance, that is to say PH and the 
acidity of the blood. I would say as a general 
statement that individuals who are more acidic are 
probably more sensitive to digoxin. 

Then of course there are other 
circumstances*and Iwill not’ get intoalitany on this, 
patients who have poor renal function but that is 
the secondary cause I think. 

0. Doctor, we have heard last week 
that the radioimmunoassay for digoxin is something 
less than about 15 years old and indeed as I read 
your CV-a think Iam correct in saying that you are 
an author on one of the early papers on RIA and 
serum of digoxin in children, were you not? 

A. Yee, -thatas®fignts 

0. In your view is RIA, radio- 
immunoassay a satisfactory analytical technique for 
establishing the presence and concentrations of 
digoxin in serum? 

A. I think under most circumstances 


it has»’proved rather satisfactory, that is in 
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imdaviduals «or -given®agé groups. 

Q. Could you elaborate on that a 
PUSELS PDI? 

A. Well, I am able to make that 
statement, I wouldn't have been able to make ita 
year or two ago. First off the immunoassay, and I 
think I can illustrate this a bit more if I show a 
transparency ;« 

I have been told that you have had 
considerable exposure to this but it occurred to me 
that perhaps you didn't see it in this visual manner. 
idug *this*up “from something I -haven't looked at 
Since #697 Se Vie OL ses ball Pi walid. 

Hetsne, Tl LE may, 122 thrs “will help 
some of you, I don't know, give you an idea of just 
what these words mean. 

First off, you have heard of immuno- 
assay. Essentially what we are talking about is the 
product von of “an “antibody ; Now an antibody is 
something that is produced in a biological system, 
it is sort of a natural defence of the organism to 
foreign proteins, to foreign substances. When anyone 
in this room ingests a foreign substance, the body 
has the capacity to develop an antibody to it, 


provided that substance will give sufficient antigenic 
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stimulation. That is to say, provided the body 
sees that material as a foreign substance. Once the 
body sees it as a foreign substance, you, I, anyone 
in the room will make antibodies. People with 
cancer do not make antibodies in the normal way. 
People taking anti-cancer drugs, people taking drugs 
that are used for transplant rejection reactions 
do not make antibodies in an effective manner. 
However, the whole process of immuno- 
assay is contingent on the capacity to develop an 
antibody. The antibodies that we used, or that were 
used in the assay, are not developed in patients, 
they are developed in animals, so an animal is given 
digoxin in a modified manner and an antibody is 
developed to it. These antibodies are purified and 
are availablevas kits. ~A»kit can be purchased by 
the hospital, or by anyone who wants to measure this. 
Now, when I am measuring the serum, 
or you are measuring the serum in digoxin in a serum 
or in a tissue, what we do essentially assume that 
there is digoxin in the tissue and if we put an anti- 
body in the same medium that digoxin and antibody 
Will Forni sa eecomp lex) okay;* that® so41t’ 


Now, the whole assay procedure is 


dependent upon being able to quantitate the 
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Goncentration or amount of digoxin in a*patient's 
serum. If I were to add digoxin to a patient's 
serum without being able to distinguish what was 
aLreacvein there, Lacould-not.detect it. 

Now, the way I can do this is to 
take digoxin, which is labelled with a radioactive 
SHbetance willimcnii1s casertratium.. That,is=radioactive 
digoxin and if I take the radioactive digoxin, put 
it with the antibody, I end up with digoxin radio- 
active antibody complex. The same complex as occurs 
with digoxin and the antibody on top. 

The whole idea of the assay is to 
take the patient's blood, the serum this time,that 
contains digoxin, okay. We add a known amount of 
the digoxin radioactive to it and a known amount of 
antibody and we form a complex. The binding of the 
antibody to the digoxin occurs in the same manner 
as the finding of the antibody to the radioactive 
digoxin. So if they are both there in the same tube 
the antibody will equal affinity and that enables us 
LOLsay sce WE thereswas. more .of this, that «ifthe 
patient has a very high concentration, less of this 
will be found. 


Tfathnesme os less .of thissin the 


Batrentiimmore of theetritium will be: found. 


Essentially the relationship between the non-radioactive 
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and the radioactive which is what we are measuring, 
simple. I think this will show you how it is done. 
You have the radioactive digoxin and the digoxin 
antibody mixed up, we incubate it for 30 minutes 
here, we add a little charcoal, spin it around, 
centrifuge it and simply take off the supernate, 

that is this material here, and measure it, a very, 
very simple business. 

Then you generate a standard curve, 
anaes an Gore co-qule Lrdgnt now: What'ivwantc to 
indicate to you, this is the way it is conventionally 
reported in the literature. What we are looking at 
is sort of competition between the non-radioactive 
digoxin and the radioactive digoxin and we make a 
standard curve and based on that relationship I can 
see what I have in’ the patient's serum. I realize 
Le re aericrrertechnical™ but I wanted” to-attempt 
Lo-Ttrlstracer it’ for-vouras best-as I’am"Gapaple of 
doing. 

This enables us to make measurements 
not’ oniv in ‘serum but” in*tissue.” To get ‘back to*d 
think a very seminal issue and that is how specific, 
how useful are these things. Can anybody indeed 


discriminate? I am not sure if someone said the 


human body is capable of making, I don't know how 


oro f ; 
La! 
. 4 aah 
7 a I “Mond 
; 7. ad 
| 1. on 2 ee 
L ij 
« 
j 
t 
f 
ay 
‘ 
| = ; 
t y Fal fr a 
Pity pill aig an Cl i} 
vn ee ers 
J eo ec . : 
eae Botte ota 
ni } 4 t bi 
es YALE 
1 / 4 , 7 $ : ; f ‘ 
ss yD BA had Bill Soh epee 
, of 
{ i ‘ e ‘eR be 
Ct? 4) a ‘ Hl q 5 Revet 
tr 
“ ; , { ‘ + , 
yet : ; 
i } ! ; aoe ow 
is 7 / i 
| Gy ; u Mf ce +l 
+o J 
Y a4 i e Psd 
; f , <3 Bia fi 
S iy 
rae 
etn? 
‘ * ; t hs 
I 7 it irs I 
if { 1 ra 
f 
4 i 7 ‘ fit 
. A? i: beat 
al 
4 et ey er 
i AP AS 
= 
, ' 
' | M ie f PETS cee 
1 
J y r 
' ' h J i bi ny itt teat 
i) % 
\ Af “ tail 
y vip fyi Ba ni arty Ls 
h , ; a ’ 
- at 1 f f ‘ ‘ t ot mf rn \ 
i 4 i Lut ape is A ‘3 i ae 
a : ey 
/ , 
«t 
fa if cist 4, } i) yf Pei “tT et ef 
we 4 i Et SN Se Bt wh 
" viet H 
{ PAW 
. ow TE 
RRO 
es { y cn 
. , te *y 
, in ie ae ry u} cl P is iy) aaa i ; ; aa Vn ea 
(. eae oh ae idane om eee hi eT eal is kal 4, 
ua mu t 


“ny rv bd : are Ol oe So) ae eh Ge i 7 rt fri iui Bes, fl all YA dom i Me 
4 ee 4 “ , WE Ot PCT: Oe ete ey f j Bt j ‘ne yi Arte vr 6 ‘shi tit 
) Y a iS ‘ “y 9 ore i 


4 


4 ” ( 7 qt > fet: re) vt ” ht eins s —* ‘co doin & 16 (huitedy en : fe 
ay Hit é a Oem: Bsr | 


wor woawt 4% fee, Sar omy 2 
On worn + eric’ wi CDaLH na 
oa 
i s 
a ¥ + 
3 Te el, 7 
i ‘ ry ey y 
mt a ) 
ry : Met 
ay) ene tg 
pa tae 
\ ; ; y H i ate 
anh), Ax Vi 
} ia bile 0 J ia as 


Co. 


ANGUS, STONEHOUSE & CO. LTD. Mirkin, dr.ex. 564 
TORONTO, ONTARIO (Lamek) 


many thousand, how many million different antibodies, 


a hundred thousand to a couple of million different 
antibodies, different substances, and these are 
very, very discriminatory. 

Unfortunately the antibody that we 
make for digitalis or digoxin has an overlap and it 
does cross-react with some of the metabolites that 
may be produced by digoxin. 


You heard me say earlier in the day 


that digoxin is poorly metabolized in the human body, 


but even though it is poorly metabolized some 
metabolites are produced and these can cross-react. 
If those metabolites for one reason or another 
accumulate in the patient"s sera, then this could 
cause some confusion in interpretation of these 
data. I would submit that in patients with normal 
FenalLweunection,. that.isunot avwmajer.source of 
contamination, or cross-reactivity. It may be 
other substances in newborn infants that we can get 
on to a bit later that:will cross-react *and give 
abnormally high concentrations of these materials, 
that is, will give a misleadingly high assay result 
and that is something we can discuss a bit more 
because it is very recent information that suggests 


the presence of this material in the sera of newborn 


infants. 
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So I think what we have defined here 
are some rather specific concepts related to the 
immunoassay and I hope I have touched on very briefly 
some of its limitations. 

0. Dr. Mirkin, you have referred 
to the lack of complete specificity of the antibody 
that is used in the digoxin immunoassay. Do I infer 
from what you said that is what you regard as the 
major disadvantage of that analytical technique? 

A. Yes, I think that would be my 
conclusion. 

Q. We heard last week that to the 
extent that the metabolites of digoxin are known and 
identifiable, that by a process of high-pressure 
liquid chromotography they can perhaps be screened 
or separated out of the sample that is going to be 
put through the immunoassay, you are familiar with 
that technique? 

A. Yes, sir. 

0. And do you regard that as a 
Satisfactory technique for isolating in the sample 
the digoxin as opposed to the digoxin metabolites? 

A. Yes, I think that is an adequate 
mode of isolation of the metabolites, provided the 


metabolites, once taken off the HPLC are further 


defined by mass spectrometry. 


FY 


aH ods. ; 


1 ae 
Dab 


Pd 
hal 


ee Sore RO, 2 


: 28 
’ 
> & 
ie 
” 
4 
{ 
i ; 
< 
‘ 
j . 
A / 
& 
pi 
7 i 
4 
‘ 
has 
ys 
‘ 
” 
> 4 ut 
¥ : 5 
¢ » nf , ‘ 
. ‘ ay Ls 
4 
: ‘| } a: 
ny i ~ .\ 
- q * ¢ I 
1 
aL. wa reer " 4 
» 8 BA " Aue 


hes bth TLOAB- 
> *f 


+ ¥2 


a, 
é 


Dawes 


(fa 


roteloek 16 aboot 


t 


cough 


7 


ef fax i fh 


oi 


- 
a 4 
ffl) 


ed 


tamoxsaagqe: 


seam 


| yd bent 
on 


ee ANGUS, stonenouse aco.tro, Mirkin, dr.ex. 566 
| TORONTO, ONTARIO (Lamek } 
a, 
| DD/DP/ko 9 Ov In other words, once you have 
3 confirmed what one is taking off and screening out 
4 is really the material that you want to exclude? 
| A. Yes, that would be the ideal 
d case. One could make a reasonably secure judgment 
| ; by using standards of these metabolites, running 
i those on the liquid chromatogram and using the 
| 8 pattern that you see, comparing the pattern in an 
; 9 unknown specimen with the knowns. That is used to 
10 a large extent,’ ‘these\days:. 
| 1 OF We may still have to grapple with 
‘ss the unknown or unidentified other substance,other than 
| the known metabolites. Can we come to that later? 
| : Could I ask you now whether there is 
14 


a generally accepted range of serum digoxin levels in 
children, that is thought to be consistent with 

16 therapeutic dosage, or therapeutic effect 

17 more significantly, I suppose? 

18 A. Ves,' Iecthink -chernet lea ;lange 
body.of information, and I. have a table’ here that) I 


can - we can reference at appropriate points. 


| I have a transparency of those figures. 
Do you think I should: flash that? 
oF Sure. That would be useful, I 
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THE COMMISSIONER: These transparencies 
we have no machine like that. What is the merit of 
having the exhibits which we can't -- 

MR. LAMEK: I think we can reproduce 
them in a readily readable form, Mr. Commissioner. 

THE COMMISSIONER: Can I just see 
one for the moment? 

Macc RONK? They can be photocopied 
and printed. 

THE COMMISSIONER: Oh, alk might: «We 
are going to do these without the machine? 

MR. LAMEK: iat ds. cents 

THE WITNESS: These are made from this 
document. 

THE COMMISSIONER: Al asaghtp lehank 
you. 

THE WITNESS: This is a table that was 
taken from lian rarticle:by «Dr.7Singh,)'S-i-n-g-h, 
published in a book that I edited called "Clinical 
Pharmacology: A Pediatric Perspective" published 
by Year Book, They are returning copies now. It is 
the only book where the editor had to pay royalties. 

I think that what we have here is a 
series of blood levels in different aged children, new- 


borns.ontop; infants, 1 to 12 months; and children, 
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and what you canysee) isjan, interesting depiction, I 
think, of the amount of drug that is used for the 
daily maintenance dosage and the actual blood level, 
serum level that is achieved in the patient. This is 
a compilation of a large number of studies and I think 
that the maintenance dose is a bit confusing. I will 
give you another transparency to show you that ina 
Simplified form but what is quite clear here is that 
in-newbornantants), from*0 wbo i30 days, ithe range of 
blood levels ran from 1.8, let us say, the average, 
LVS Veoi2ol. 1 TActuabity (i teas: babp Ioguess pz) tows high 
GOftoeHvinivhie study. 

So you can see all of the other studies 
and there probably are some more that have been 
published since 1978 that are readily available for 
you. 

I would say, though, that an average 
serum level in this age group probably is in the order 
of about 2 nanograms per mil. Let us sort of use that 
as a working range. 

As you get older, I think you can see 
that on the bottom panel the children, these are 
children now, talking about children more than one year 
of age, the levels tend to be lower, in the order of 


about 1 or 1.4, something like that. 
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In children, those begin to 
approximate the so-called therapeutic dose that is 
=eninethe Madult /!rhe (point "that I think ‘Has “46' ‘be 
emphasized here is that we are not really sure what 
a therapeutic blood level rep means in this population 
and I think that gets to the hub of the matter. 

I have a few slides that might 
illustrate that, or do you want to wait on that now? 
Shall I show those? What would fit in? 

Or Perhaps it would be more 
convenient if we could come back to the strdes, ‘DY. 
Mirkin. There are a couple of other things that I want 
to cover. If you have some depiction of the thing 
that you think would be helpful, perhaps we could come 
back-#to-*that: 

Linking that last piece of information 
to what you told us this morning, Doctor, as I under- 
Stand it the digoxin that is in the circulatory system 
is not doing its thing. It is not being biologically 
active at that stage. It is only biologically active 
when bound to organ or tissue -- or is only capable 
of being biologically active when bound to organ 
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TORONTO, ONTARIO (Lamek) 
A. COLE Cir 
er Therefore when you are measuring 


serum levels of digoxin essentially what you are 
measuring is digoxin that is having neither thera- 
peutic nor toxic effect? 

re That is correct. However, -- 

OF ii neLLects,« Ia,take <.t ..and 
there is a correlation I take it between what you 
are discovering in terms of blood level and what you 
are inferring therefrom in tissue levels? 

A. That is correct. That is the 
basis for use of these modules. 

Ou. There is no magic in the blood 
level in itself except as a basis for inferring a 
concentrations in tissue,.and-l. take it am particular in 
heart tissue, that will do the therapeutic job? 

A; That 2s correct. and «think 
that is a very clear point. It is explicitly stated 
and can be taken at face value. 

(are Or taking it one. step further, 
you are inferring a level in heart tissue that may be 
doing more than a therapeutic job, may be doing it at 
a level where it.is. producing toxic, effects? 

A. Yes,, that is correct. 


en That is the reason that you 
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monitor the blood level in children who are receiving 
argestnprisfitmnot? 

is 1eo. 

O% The kind of range of serum levels 
that reflect what I call therapeutic loading of the 
Neawi pecan GiLputritithatiway; thabekindwofi.range I 
take it is by no means a fixed and definite range. 

How much elasticity is there in that? 

A. I think a range by definition 
would imply some flexibility in the concentration of 
a drug that would be required to produce a given 
response, by the term range. 

What has been accepted in the adult, 
af Temaysgosbackntosothaty. thatwconcentrationythat 
exceeds 2 or 2.5, it depends on what range study you us 
ane Charactenisticaofedigitaliseintoxicationicofnis 
is in the adult. 

However, when one looks at the strict 
interpretation of the data, and I have a slide to show 
that here, one sees that there is a ‘considerable over- 
lap where many individuals will have blood levels that 
exceed that concentration and they are not considered 
to be intoxicated, clinically, with this drug. 

Soe thated think it:is. important to 


recognize that these are not absolute indices, that is 
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the serum concentration is not an absolute index or 
pred etorvo£smtoxication« 

Now it gets a little more complicated 
Or more ambiguous, I think, in the infant because here, 
as I mentioned, the young infant as you can see can 
tolerate a higher blood level to begin with. [In fact, 
normal therapeutic approach mandates that we use a 
larger amount of drug per unit weight in the young 
infants 

Consequently, we normally achieve higher 
blood levels and I would say that most individuals 
would not be too uncomfortable to accept blood levels 
in young or infants. that are between 2.5 - I will even 
GOCACeoL hate Danogramsepe bani lL. but. sehink Sis 
StretGhing sutisehebita Ekewould say vabout e245 might be 
the upper limit that we would be willing to accept, 
looking at the patient, but it would not be unusual, 
Limigateadd, for children, infants, «to +aave bloed 
levels of 4 and 5 without any demonstration of toxicity 

So for the purpose of our discussion 


we are talking about a range of 2.5 to 5 and I think 


that many, many patients are carried at that level. 


THE COMMISSIONER: Mr. Lamek, can we 
have that table as an exhibit? 


MR. LAMEK: Yes, I am proposing, 
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Mr. Commissioner, to mark all of these transparencies 
in printed, and therefore more legible, form as an 
exhibit. 

THE“ COMMISSIONER: We are saving the 
other ones as number 6. Do you intend this to be part 
of number 6? 

MR. LAMEK: Yes. Perhaps we could 
call them all number 6 when we have them all in, Mr. 
Commissioner. 

Os Can we explore that just a little, 
Doctor. If you were to record serum level in an 
infant, I am speaking now about ante mortem blood 
sample, the serum level in an infant of let us say 
5 nanograms per millimetre, can you safely assume 
that that represents the therapeutic level of 
atgoxin an that “child? 

A. Yes, I think you could safely 
assume that. If I understand your question, you are 
not asking whether you could safely assume that this 
would be a toxic level but that certainly would be 
expected to be giving some therapeutic response. 

oe Yes, would be giving some thera- 
peutic response. 

A. You would anticipate you would 


See .One:. 


y ables don. a 


i 


| ee Blieraws | 


betoeqKe 


ANGUS, STONEHOUSE & CO. LTD. Mi¢gkin, <dr«ex. 574 
TORONTO, ONTARIO 
(Lamek) 


07 team trying to.drawriai Lican, and 
it may be inappropriate but I am trying to draw, Lf 
you like, a barrier at the point where toxic effects 
may begin to be seen. 

A. I am going to have to be rather 
vague on that particular issue jbecause)I don't think 
I can specifically answer it with the information 
currently available and that is to say categorically 
that any level above 5 will produce untoward effects 
in the patient. By untoward effects I mean toxic 


effects. an. that.patient. 
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Os I take it, Doctor, you could 
not say categorically that a level below five might 
not produce untoward effects in the patient. 

A. That sncorrectpicertainil ys 

On There is, in other words, a 
considerable area of overlap or greyness there. 

Dy res¢nicithiwnk,< 1h doeking 
over levels that we reported in our work, the 
average, I think, was about 2.1, but these are 
normal maintenance doses of digoxin. 

But the issue is whether or not any 
Specific level above 2.5 can be described as 
being 100% consistent with the production of 
toxic events in that patient. 

I think the answer to that question, 
ASI rarsee ity a@is. no. 

Os Fairlyj,aDoctor, if al devel 
above 2.5 nanograms per millilitre. is recorded 
in the serum of an infant who is receiving 
digoxin treatment,should an inquiry be made, in 
your opinion, to ensure that no toxic resuits are 
flowing from that level? 

A. Well, I think here you also 
have had varying viewpoints. In my judgment, it 


would be incumbent upon the physician perhaps to 


question carefully any further increment in the dosage 
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1 

2 Chehab vindividual.|i «The ireason Ivbringethis: up 

3 is that I, as the treating physician, would have 

4 to discern whether the patient was achieving the 

5 maximal effect possible with the drug or whether 
that patient indeed needed more to bring it up 

; ftoynleacusssay, “four, satwwhich: pont » would jsee 

; a better clinical response. 

8 Here we get into the clinical 

9 empiricism of what I attempted to describe earlier. 

10 The therapeutic effect, the assessment of this, is 

il purely a measurement of the clinical response because 

12 in many of these patients at concentrations of 2.5 

2 nanograms per mil, one may see some electro-cardio- 
graphic changes that are consistent with so-called 

14 
digitalis effects. 

1s Now, thatiopen tehatecpointwigvediear ’. 

16 That at 2.5 you may See some of the changes that 

ti are consistent with digitalis effect, yet the 

18 patient may not be demonstrating a beneficial or 

19 sufficiently beneficial response to the drug 

06 treatment: When iI ttalk about effects; <I .am talking 

: now about the discernment of that effect by use of 

* electrocardiogram. Electrocardiogram gives us 

a2 certain information about the effect of digitalis 

23 in the heart,on the heart. It cannot be used to 

24 define whether or not that amount of drug is 

25 
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producing a sufficient) clinical response. Only 
clinical observation, I believe, can give that. 

OF Well, Letiuss go) for a 
moment substantially beyond the order of numbers that 
you've been talking about. If in a child who has 
been receiving digoxin on a routine basis a level 
eLfuceoroe9anandograms Soap Laieye were recorded, 

I take it that would be cause for investigation 
by the physician in charge of that case. 

A. I think that's reasonable to 
assume. 

Os Is that because it is reasonable 
to regard levels of that order as likely to be 
consistent with toxicity, or reflective of toxicity? 

A. I believe if we are talking 
about a situation that would accrue following 
constantradninistrationvof the drug;*that is at 
the steady state situation we talked about before? 

Os Yes. 

A. Then I think most reasonable 
people would think there is reasonable reason for 
alarm and concern at that blood level. 

Ow You seem to be drawing a 
distinction there, Doctor, between that kind of 


level appearing in a child who is on a regime of 
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digoxin therapy and some other situation. What's 
the other situation that you have in mind? 

A. Wek « 1 tthanksthroughout 
this dialogue, and particularly this morning, JI 
mentioned some changes in the behavior of the drug 
and perhaps the patient when exposed to a Single 
acute dose of the drug, remember I talked about 
differences in distribution with the IV and the 
oral route following a single dose and then we 
talked about something, what happens when the 
drug 1s given Chronically: 


Now, we have had experience where 


ingestion of the drug, large amounts of non-therapeutic, 


these were essentially acute ingestions which are 
poisons where a patient has reported, oh, something 
Like™55¥nanograms’ per milkypethis.is an acute 
ingestion of a®patient®whotdid not receive the 
drug chronically, and I believe, I would have to 
check my records, had normal heart. This child 
experienced this high concentration with no 
arhythmias, no. sign of any effect and left the 
noepitad) in 24ahourss 

Now,that's a Single acute dose. Now, 
you should not walk away from our discussion with 


the conclusion therefore that high blood levels do 
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not mean anything. I think, what I believe this 
demonstrates, is that a single acute does may not 
produce the hazard sequela that one sees with 
elevations, even of ten in a circumstance where 
the drug is being given on a continuous basis. 

So that not only do you have a serum concentration, 
but you have a tissue concentration which is sus- 
tained at that high level. 

L hope -that. pointia's: --that Soam 
sufficiently clear on that point with you. 

Or. Ritthank soyiDoctor. weut 
fairly as I understand what you are saying is that 
the single acute, even very substantial dose may 
not cause intoxication or the unfortunate symptoms 
Om sequelaxof antoxicationtim Equally ~vll suppose 
it may well produce that sequela. 

A. Bractly.e d ‘mi gladivom brought 
that up. We can't use anecdotal experiences of that 
Sort, though ours is recorded in the literature, 
in our paper. I think it would be misleading to use 
that kind of anecdotal information to exclude the 
possibility that an acute intoxication could indeed 
Cause a toxic event in the patient. 

0. Doctor, you almost contrasted 


the situations of the patient who is receiving what 
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you call chronic dose, the regular and maintenance 
dose of digoxin from the one in which the individual 
is administered a Single acute dose. What if the 

two Situations are brought together? What would 

be the situation in the case of a child receiving 

on an Ongoing basis the maintenance dose of digoxin 
who then receives an acute and substantial dose. 
What would the pattern be there, in your experience? 

A. Well, J don't. really have. =--— 

Cys I am sorry, your experience 
or review of the literature or both. 

A. Yes.q.Jecon. it Nave tham sort 
of experience, but I think it is safe to sSay,and 
Voge Addie rObabl Yi isi gqoing to be. veryedis ficult 
for us to confirm in adequate terms, and I regret 
Porsavetoet, but J Wie logo. On a. blt.. | le unintet bat 
an individual who has an already existing therapeutic 
level of the drug who is suddenly exposed to an 
inordinately large amount in an inordinately brief 
period of time, such as might occur after an intra- 
venous administration, for example, would be prone 
toa significant risk here. .That,1is,;.1.think,.as 
much as I can say now. I probably would have to 
go back and see if that kind of specific question 


can be answered in the literature. It may be, but 
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with that in mind, I will try and go back and look 
at that. 

OR Thank you. Now, Doctor, I 
tnink you, as . récall “it this morning, you said 
that in terms of distribution of digoxin in the 
body, after the transport system has done its work 
and carried the digoxin to various sites to which 
it will bind, that the tissues, certain tissues in 
any ©€Vent, Carry far OLeatcet concentrations of 
digoxin than are left in the blood. Is there any 
way, Doctor, to your knowledge or in your opinion 
in which digoxin which is bound to tissue may become 
unbound and reenter the bloodstream, other than 
in the case of the process of elimination, which 
you described this morning? May there be an 
otherwise, if you will, spontaneous loosening of 
that bond so as to elevate blood levels, reduce 
tissue levels? 

ie Well, it's hard to know under 
what circumstances this may occur, but there are 
two where I think -- in fact, we have some informa- 
tion. One is the situation where an individual 
is put on an extra-corporeal pump situation, and 
I think that's a very esoteric situation, that is, 


where an individual undergoes open heart surgery is 
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Dit CoMmeatDuMp sborsustalmethe poureubationavwinle ‘the 
heart is being examined. During those situations 
we have observed that wash out of digoxin from 
skeletal tissués to occur and there ws\an elevated 
concentration that we find in the post-pump period 
in these patients. 

Now, that's an interesting point. 
That's one very esoteric and highly unusual situa- 
tion where that may occur. 

Second possibility, and perhaps there 
are others, relate to the potential effects of 
other drugs on displacement of digoxin from its 
bindingms ite, tortbinding isites, (Iethink:plunal is 
probably more appropriate. 

There have been in the past few 
years suggestions that the drug quinidine, which 
ietusedrtotaltenethesrhythm ‘ofothesheartechtnaLs 
what is called an anti-arhythmic. That would be 
aldrugeusedrtolrestore the rhythm of the heart 
to a normal rhythm. This drug is associated with 
abnormally elevated levels of digoxin in patients 
who are receiving both agents concurrently. Whether 
that has significance in cases under concern, I 
don't know. There may be other circumstances and 


other drugs that perhaps influence this measurement 
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in a Similar manner. There are some. Again, I 
can bring that to the proceedings, this information 
later. 

O% Thank you. Can we go on 
to another situation which you will have to tell me 
may cause tissue bound digoxin to become unbound. 
What about death? Is there any evidence that post- 
mortem,digoxin previously found in the tissue 
may become unbound and reenter the circulatory 
system? 

A. Well, the problem is as 
follows. The binding of a drug to a receptor is 
very’ Similar to the binding of digoxin to the anti- 
body I showed in that figure. That binding is not 
an irreversible process. Though digoxin binds 
to something on the surface of the cell, the 
receptor, the receptor is a protein. Proteins 
undergo a variety of changes. When the cell dies 
the receptor undergoes degeneration and it is very 
conceivable and, in my opinion, very likely that 


the binding of digoxin to the tissue would be 


substantially altered. 
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My guess is that it would be sub- 
stantially reduced. Consequently, if I were to 
take that tissue and attempt to -- well, again 
here it's a problem, visualize, if you can, the 
death of an organism in which the digoxin has been 
bound to the tissue. If one recovers those tissues 
Or a tissue, one day later, if the body has been 
kept in a freezer it iS conceivable that the tissue 
might be quite satisfactory. Or, if the body has 
been kept in an ice chest, not frozen, but cool, 
that binding in that protein may not have been 
denatured, undergone an autolitic process 
extensively. However, after a period of time 
mortalisis wild set inwond you, will have destruction 
of the proteins to which the digoxin is bound and 
the digoxin would then dissociate and float into 
whatever media was available. 

So I think they are fraught with 
all types of. :daftficulties, and..problems.,that I) can't 
even begin to imagine at this juncture. 

oe Doctor, we have heard that 
digoxin levels in blood drawn post-mortem may 
be higher by a factor of 2, 3, or even 4 than the 
levels that exist in that blood ante-mortem, is 


that an observation that is consistent with your 
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1 
2 experience of reading of the literature? 
3 A. Welhy.L mustladmrer that = 
4 didn't come adequately prepared to touch on that 
5 point. I think that the issue is that if you have 
the patient embalmed it is clear that some of the 
6 
embalming fluids would dissociate digoxin from 
7 
the tissues. I think that that is the situation 
8 you Gare fra bkang about. 
9 Ox tan tnotrgoung tehatfar- down 
10 the road. 
11 A. Oh. 
12 OF h amttabkbingAtlon example, 
about blood drawn at autopsy. 
Be 
A. Oh; atrautopsy? 
14 
QO. Yes. 
15 
A. I thinkierlot ofGtt wad. 
16 depend on how soon after death, so to me that is 
17 a point where the time parameter is very crucial. 
18 There are circumstances where the 
19 binding of the digoxin to the tissue probably would 
20 be sustained for a finite period of time,assuming 
: the body was kept in the cold, as most of the time 
21 
they are. 
22 
Q. Yes. 
23 A. If this was the case, then I 
24 
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1 
2 think it was likely that even there the measurements 
3 probably would be different. I think -- I can't 
4 expect that the binding would be the same as it 
5 would be under normal conditions where the blood 
is being oxygenated, etc. 
: P think it is important to recognize 
: that another crucial factor that influences binding 
8 is the PH and acidity of the blood, and when death 
9 occurs the blood usually is extremely acidic and 
10 this may have a very marked effect on loosening 
11 the bond between digoxin and its protein binding 
12 Site. I don't have the data on that point 
available to me. 
13 
Gi, That brings ws to one of the 
7% Vast. topics I wanted to deal(with;, ‘Doctor; and 
Is that is the question of post-mortem blood and 
16 tissue samples. First, with respect to post- 
17 mortem blood for the purpose of radioimmuno assay, 
18 Can you tell us, is it important to know the site 
19 from which a blood sample is drawn post-mortem? 
20 Gs Well, PethinkYit*probably will 
. be of some relevance. For example, if one takes, 
. as you know, each organ in the body has an artery 
a and a vein, the artery brings blood to the organ and 
23 the vein takes it away. It would be my guess that 
24 
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blood drawn from the vein which is emanating 

from an organ which contains a high concentration 
of drug, since that is essentially the, channel, 
the conduit through which anything that was in 
the organ would emerge, that the vein might have 
a higher concentration than the artery in post- 
mor tem. 

Q. Yes. 

A. Now, a lot of this depends 
on how the post-mortem is done and exactly where 
the sample is taken from. Commonly samples may 
be taken from the large veins leading into the 
heart, I am not sure what site these were taken 
in any patients. 

OF I manott halking about 
particular patients, I am just asking you generally 
al siltte: of the sampling in post-mortem blood. 

A. I think that is an example 
that might be of some consequence. Another 
example would be if the blood were obtained from 
a compartment that did not regularly equilibriate 
with circulating blood. For example, blood is 
known not to, certain drugs are known not to 
establish rapid equilibrium, that is, do not 


achieve the same concentration in the blood as they 
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CGeiliegne Crsceue. (For example, in the brain it 
takes a longer time to achieve a concentration 
in the brain for some drugs than it does, as I 
say, the heart or the kidney. So, if one were 
to take blood from the brain it would be a 
question of whether or not this blood taken from 
the brain adequately or adequately reflected the 
concentration that was in the circulating blood 
at the same time. 

One overcomes this by making 
comparisons between the so-called central circulation 
and perhaps the peripheral circulation. 

Ot Would it be important 
for you, Doctor, to know the period and the manner 
of storage of a post-mortem blood sample in order 
to make a reliable interpretation of the RIA reading 
of that sample? 

A. Well, I was impressed that 
the serum and/or plasma specimens are usually 
fairly stable. Most of them are collected and kept 
in the cold, put in the freezer and assayed 
subsequently, some time later in the week, perhaps. 
From my experience this is a way we handle all 
our specimens, we kept them cold and put them away 


in the freezer and would do them when the assay was 
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available. 

One could visualize the digoxin 
breaking down if it were kept at room temperature, 
or 37 degrees for too long a period, but I think this 
compound is quite stable and I would not expect too 
much breakdown, even if the specimens, even if the 
blood specimens were not stored in the manner I 
suggested. 

QO. I take it from that that had 
there been some unusual or anomalous manner of 
storage, extended period of storage, that might 
go to your ability to place reliance upon the 
Significance of the RIA reading. For example, 
boiled, for example. 

A. Pardon me? 

‘oe If a sample had been boiled 
at.some stage. 

A. Yes, I see your point. Some 
extreme mismanagement of the sample might introduce 
an error. 

Q. This, Doctor, may be an unfair 
question and tell me if it is. I give you one piece 
of information, that is to say that in a post- 
mortem sample of blood drawn from a ventricle heart 


blood, the RIA discloses a reading of, let us say 
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1 
Z 60 nanograms per millilitre. 
3 THE COMMISSTONER: 60? 
4 or I plucked a number out of the 
P air. Would you be able with that piece of information 
to form an estimate as to the dosage that produced 
: that levels and/or as sto. thes time of ,administration 
, @£ that dose; and/or as to the method of administra- 
8 CLOn soc athe. dose? 1 .picked.60 and it is a-very low 
9| Level om leathtust of my question is .can. you infer 
10 ante mortem events as to dosage times method of 
11 administration from a single post-mortem level? 
12 A. I think it is extremely 
‘3 difficult, and I suppose one would really have to 
know when the drug was given, I think that is a very 
vi crucial piece of information. If I knew when the 
is drug was given and how ,then I could make a guess, 
16 even from a Single point that might be within reason 
17 as, to how muchawas given... Shall.I go.on further? 
18 Q. Well, is it any two out of 
19 three, if you knew how much was given and how it 
oi was given, could you estimate when it was given? 
A. How much and,--? 
21 
oR And how. 
A. How? Well, I think one could 
23 make an estimate, but that does create a problem. It 
24 | 
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creates a very severe problem. The reliability of 
Loewestinate, T think, decreases precipitously with 
the lack of each piece of information. Now fa ak 
Me Ves0O «Olina, DLL, 

Ove Yes. 

A. If in this imaginary sequence 
the drug was given intravenously, let us say, that 
would be probably the easiest circumstance under 
which we can make some very interesting, some 
interesting conclusions. If the drug were given 
intravenously and if we had the blood level measure- 
ment, and if we knew how much was given. 

OF There wouldn't be much left 
to answer, would there? 

A. i could-tell you when, tT think 
Pretty easily with a margin of errotnje soy thinks we 
need, this.data:. 

om Do: J. take, ity. Doctor, + whak 
you are telling me is that you would need to have 
considerably more information than merely a post- 
mortem blood level in order to be able to say very 
much about the size, time or method of administra- 


tion of the dose which led to that level? 
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A. Ves; Qbuthink ¢that cisicit 


exactly, yes. 

0. Can we come to levels in tissues, 
Doctor? Are you able to by reference to recorded 
levels of digoxin in post mortem tissue, and let us 
focus on fresh post mortem tissue,are you able by 
rererence to recorded “level's in ‘fresh “post ‘mortem 
tissue to draw any conclusion or any opinion as to 
whether those levels represent therapeutic or toxic 

loading with digoxin? 

A. I would generally say that we 
could not reach any conclusion on that score. 

0. Thatostrong. © How strong could 
you reach - what is the difficulty about drawing 
suchwanconchwisicon? 

A. First of all, we do not really 
have -in*my “opinionycritical information .that will 
allow me to state unequivocally what constitutes a 
normal or acceptable concentration of the drug in 
given tissue under a given therapeutic situation. 

Admittedly, there are data available 
which will show the concentration of drug in a piece 
of heart tissue taken from a patient who has received 
digoxin for a long period of time, and one can make 


some relationship between the serum concentration 
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png Thed concentrations off drugitine thate piece ofsheaert 


tissue. 

That data has been established and 
various ratios have been suggested. In fact, I will 
give you some of those. It is a very wide range. 


From the paper I referred to earlier, 
in one study the average was a ratio of 104 tol, 
Ghats ase ghelmatiot Of) digoxine in heart tissuesito 
plasma. So it is tissue to plasma concentration. The 
average was 104 flo 1. A Doisvous haves that? 

Now, the range was extraordinarily 
Large cnekt mangeds from ds think) 47..;to Jeitor. lehd) yho aly 
So it was a very broad an eid there are some other 
data here that suggest: that the ratio, that ratio 
Pench Gherngdnsyounger) child dren,. ituist in-jthe 
cmaer yore tk00 soc D4ert ond iain eOQvto: 1. companad whe 
adults where the ratio is 40 or 50 to l. So it is 
stating that the heart tissue of younger infants 
take up more of the digoxin relative to a given 
Diasmea: sconcentrataion +than-the adult, Dovd have: to 
gO over that again? 

0. No, I think,.I understand, that, 

A. Now, until one really has a 
problem -lfas a data base that allows us to say with 


certainty that that is what would occur in all 
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individuals, only then I think can we take a given 
tissue level, perhaps, and Maybe relate it back to 

a serum level. For example, this gets back to the 
question in some way that you asked earlier. Suppose 

I was dead certain that that 104 to 1 occurred in 

all patients - simple. I would take the serum level - 
Or Suppose we had a patient where we had a 
concentration of 200, let us say 200 in tissues, so 

I would assume -- 

0. A little under 2-in serum? 

A. Exactly. The problem of course 
with that simplistic analogy is we lack I think the 
information to *each Stich a lovely conclusion because 
this would enable us to take even a post mortem 
Specimen, assuming all things being equal, that the 
post mortem specimen represented a valid measurement of 
OLGexinean theetissie lat anything; at worst it 
would Pe esa an underestimate and that is a nice 
paradigm, I think. The only thing missing is data, 
but that has never stopped us before, and I think we 
are really stymied at this juncture. It is a problem. 
Ie think thateit’ as alpre@blem that confronts us in 
analyzing information of this sorts 

0. But Doctor, you have told us 


earlier that although there may be wild anomalies 
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both above and below any given range, people tend to 
think in terms of a range and to look Closely at 
things that fall outside of it, because the range 
encompasses the norm, does it not? 

A. [vGhinkethat Usa véasonable 
assumption. 

0. If, then, you were to establish 
ehavvanvaverage™ratio of “hard ‘tissue "Goncentration 
to serum levels was 140 to 1 and if you were to 


record a level of 1400 in the heart -+ 


A. 1400? 

0. Yes. 

A. e's’. 

0. Would that not suggest to you, 


on the average, the probability of a corresponding 
serum level which you would regard as likely ‘falling 


iivakttoxig range, that sito’ say, ‘10? 


A. I think" that-vour Yogia’ fe 
incontrovertible. 

0. I agree 140 may not be the magic 
number. There may not be a magic number. There may 


not even be a broad range? 
A. The’ Logics Tsay’ isevalid)}-in my 
mind. The problem is, as I have tried to explain, 


is our difficulty with the initial proposition. I 
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am sure you understand that. 


0. I understand entirely. 

A. But I think the way of dealing 
with it seems to me acceptable in this theoretical 
framework,and the real question in our minds is how 
reliable is the estimate we are making? Is this 10 
that we come up with, 10 plus or minus 20 which 
obviously would make it relatively invalid,or is it 
10 plus 6h minus] poand, -if° the. latter isthe casey 
then I think we may have evolved an approach to 
dealing with this data. 

I am not honestly sure that I know the 
answer to that. My understanding of it - contemporary 
understanding of the data available is that we cannot 
make that assumption with any certainty. My sense 
OLeth#sxis¢thatuthe erfvorvistmuch larger?<thavuethe 
Standard error in that figure is very high, so that | 
we could not make that determination with any degree 
of assurance. That is the problem, obviously. 

0. fe=nec’ the trony7or it. this, 
though, Doctor. You told me earlier that the purpose 
of measuring serum levels in the live patient was 
to try to infer that loading in the tissues which 
would produce a therapeutic but not a toxic result. 


The irony is, as I understand you, that given the 
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loading in the tissues you are still unable to say 
whether that represents therapeutic or toxic loading? 

A. Yes. ‘I think the ‘reason 
probably is that we really are not sure what other 
factors are determining the entry of the drug into 
the tissue and it may be that drug may accumulate 
in the tissue. I hope I make this point clearly. 

The drug may accumulate in the tissue and yet not 
reflect the serum level in this direct relationship 
that wetare postulating prbut mL ige fis full of such 
ironies. 

Q. After a time we become 
philosophical about it. I was talking, Doctor, about 
fresh autopsy tissue. I take it the difficulties 
you have outlined are in no way resolved . if we 
are talking about fixed autopsy tissue, are they? 

Indeed, if anything they are 
magnified. The difficulties of making any assessment 
of whether a recorded level in fixed autopsy tissue 
represents toxic or therapeutic levels? 

A. I think that is almost a hopeless 
case unless one can take thetissue, if the tissue 
was Stored in®a bottlevof fixative. sItwusuallyois 
not, if we take it out of a patient whose body has 


been profused with embalming fluid. That is one 
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circumstance, and one does not know how much of 
the drug has been leached off by the embalming fluid, 
and so I think that is a very difficult assessment. 
One,.On the.other hand, if, Mr..Lamek"s 
question is phrased differently, if one took the 
tissue and had it placed in embalming fluid in a 
bottle one could then perhaps assay the embalmed 
fluid as well as the tissue and come up with a total 
content of the drug, provided that the drug had not 
been decomposed by the embalming fluid. 


It is my understanding that there are 


some embalming fluids that indeed do cause decompositio 
Olvthe drig.. Now, thatseis hearsay. I don't have 
accurate documentation of that statement, but 2 gather 
ties chrue, and. we ean. finds that outs 

0. But even if you could do a total 
assay of the specimen of tissue plus the fixed fluid 
which has been stored, you would really be in a 
position, as if it were fresh autopsy tissue,with the 
difficulties that you have already outlined, as I 
understand you? 

A, That is correct,so presumably 
the recommendation should be made that we get both 
plasma specimen and the autopsy tissue from the same 


patient if possible. 
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0. You said the last one was almost 


impossible. Were you able to draw any inference or 


Gonclusion as te toxic”™or therapeutic levels of 


digoxin from those recorded in exhumed tissue? 


A. Exhumed tissue means tissue 


taken from a body after an indefinite period of time? 


0. Months of burial, yes. 


A. I think I am really going here 


from intuitive sense. I would be very hard pressed 


to know what that meant. I would not accept those 


data at face value. 


noe 


the 


the 


the 


0. What do you mean that you would 
accept the data at face value? 

A. Mat they rerlect -accuracely 
content of the tissue at the time of death. 

Q. That they reflect accurately 
content of the tissue or the concentration of 
content of the tissue? 


A. Wert, Tet "us get *on to Thre: 
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When we talk about concentration, we are talking 


about amounts of digoxin per unit weight of tissue. 


0. Yes. 

A. Isqothatecexnect? 

0, Yes. 
A. When we talk about total content, 


we are essentially taking the concentration and 


multiplying by the total weight of the organ available. 


0. Yes. okay 

A. Okay. 

Q. Okay, we are talking about the 
same thing. 

A. Are we, good. 


Now, I meant to say that merely 
because we measure something at a given point after 
death, that that does not allow me at least to 
conclude that that was the concentration of the drug | 
at the time - that is the concentration of the drug 
in that tissue at the time of the patient's death. 

0. Yes. 

A. For the reason I think we've 
discussed previously. 

Q. Yes. 

A. However, I think, as I think 


about this very carefully, if one does have an 
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excessively high concentration in that tissue, just 
let us say that it is very, very high relative to 
whatewe 'veMseen=in’our theoretical ratio: perhaps 


one migh infer something from that relative to the 


serum concentration that existed at the time of death. 


Okay? 

Q, Yes. 

A. OnY the other hand? ?we-the 
concentration is very low, I don't think we can 
conclude anything because it does not say that it 


was not*high-at the time of ‘death. 


0, That Se oii. 

A. For the reason we've discussed. 

0. Could you say at least this, 
Doctor. In the case of exhumed tissue that if levels 


of digoxin are recorded in exhumed tissue and they 
are levels of a sufficient elevation to persuade you 
that you are dealing with more than metabolites or 
digoxinlike endogenous substances or anything of that 
sort, substantial levels, could you at least say this, 
that those findings enable you to say that digoxin 
was present in the body at the time of death. Although 
you may not be able to say in what concentrations 

and what quantities? 


A. I think that “sounds reasonable 


to me. 
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0. OLAY . ghtaLNadstGOPLC tick ok may; 
Doctor... —liucaid lb would be through by 4 .o'.clock -and 
Teo eee isa SOL s6O Make wt. 61 bIst  eterred 
to possible digoxinlike endogenous substances and 
you have referred in the course of your testimony 
today on two or three occasions to recently published 
data apparently recording material which either 
reacts or cross-reacts with the digoxin antibody and 
the RIA in patients who had not received digoxin. 
The current thought as I understand it appears to be 
that there may be an endogenous digoxinlike substance 
with cross-reactivity in the RIA for digoxin. 

Now, you are familiar with those 
reported studies ,,,l takerit? 

A. WES., ete etlle 

0. Asul .vecall sit, sandwe, Will hear: 
tomorrow from one of the authors of one of those 
studies, Dun. Seccombe,: his. findings .are atleast were 
recorded in very young infants. You have said 
earlier today that there is a changing sensitivity to 
digoxin as a child progresses through the neonate 
into the infancy stage and beyond. Do you attach 
any significance to the findings being recorded in 
very young infants, in neonates? 


A. I think these are in some ways 


HH.4 
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Diveotal to cuxidiscussiomy particularly insofar as 


the very young infant is»concerned. If these findings 


are substantiated, and it appears now that there may 
be ‘observations ‘at itwo'cbaboratories, ythatathis then 
raises questions about the assay as it 1s executed 
in the plasmavof infants) din ‘the plasma obtained 
from pintant sirofmihis«age+¢group. isForm exampleé~ywhat 
this doesWessentially is -to falsely elevate a given 
plasma concentration that would be discerned by the 
radioimmunoassay. I hope that's clear. Because 


what you are doing is, every assay starts with a 


given, witha blank, so to speak, so that you carry 


out the procedure in a specimen to be analyzed that 


does not contain any of the material you wish to 


assey, zero amount. This essentially tells you what 


is the background in that particular specimen. Whether 


there is cross-reactive material, whether there is 
any Hitingcthat wouldtfalsely elevate the reading. 

Now, if you have plasma or specimen 
that has something in it that cross-reacts with the 
antibody, then you're going to get a spurious 
elevation in the concentration of digoxin that you 
assay with this technique. 

As a consequence, therefore, it is 


imperative that in assays carried out in very young 
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infants at least, assuming that this material is 
only present in the young infant, the very young 
infant, in assays carried out in that population of 
patients, one, it is mandatory that you have a blank 
from the patient. That is a specimen of blood which 
is obtained prior to administration of the digoxin 
and rarely do you have it. It is as if we went 
around and took a blood specimen from everybody in 

a healthy state and put it in a bank and had that 
available for slich circumstances as this. 

So, I think it does throw into 
considerable question some of these assays and one 
would have to-have the authors of this "report perhaps 
specify for us wherever possible and in intimate 
detail what kindivof L¢ontribtiikioncortiactita@bly wmhakes. 
Lt rcould-be-that ‘the. contribution of this tendogenous 
Material is relatively Tow. In those circumstances 
it may not be a problem. 

t.was Looking .fom the paper shermey, tf 
have a copy of it with me. 

0} ehave it too. Certainly one 
of the levels recorded was in excess of 4 nanograms 
per millilitre, which would be a very substantial 
contribution to an RIA review. 


A. IT think that's true. Certainly 


Lee Lo 
he } es 
Oral 4 
y 
— en 
1 
j 
j 
' s 
moe gl a 
; 2 i Hohe i 
. i in ai 
¢ i tp yi 9 of vita 
i} Y H 
i : 
i v i ew ak Ne ' 4 + ae 
a: ; ye PSG) os oY Cs ae i 
‘ 1 = ee 
‘i 
} Oy ’ 
f i 4 
i : De my 4 
Py ‘ ye ~ es 
; S ir |! r : | ‘ 5 OP a ha % rt 5 at et 
Ws : ‘ 
My, { 
i ‘ } Pays hpi ‘ : dak, mg 
Ps We me ih Ode jute MMe ORR a ST th 
<P e +i 
G abd 
\ i ie , 
{ : fi 
| Big t i 
5 yh & ea he See i udu ae | 
al , i 
em : 
“ ’ r ite pal if ae a % % 
1 Pu p per in hi \ ) "i bain ies 
mM 
if hh Agena 
' 4 " - } B 
} es ie i I ‘t oi. 5 { ie ha 
{ f \ Aa 1 hh Are” o) 4 Whi » 
a ‘il t ‘ 
: sy ee i 
, dads ( ; : beh ia 4 a hah BM 
{ } chee i mr she in pled ee. 
ey f , i] ; W i y eo et A Us ae ae i as i he ert po 
i , “ ti 
; | 
j Hh 
- ! N , 
: ee i 
i vy } 4 Mf $) } ‘ 
) u ‘ val wn 
f 3 { Je) ag 
I 
a N | ore, ite ‘ih i 
\ : j | Lao ee teh j Le 
~ ~ ri ia 1 5) 
oie aye Ver 
Moe A a 
/ 
H 4 j t } yon ‘? { 0, ae’ \ 
oe 
: x 4 ¥ Weg 
; ‘ PA ae hull Aiea f P dott i 
; ‘ bis Ne ‘ ei ‘ , ee 
m9 ROL OS OLD: HUE Psy ad Db 
lh 
te 
fk yee Kater of i Na rip aa B é 
H " L 4) ee v; a 
ty} f 4 Ay a en ng 
PF { { ae & 4 + | at SPU 
1 j y 1 
: 
\ 
ol ha : i y R s 
i : V d h 
. L,Y \ folk eA Lotly " Row SN : 
‘ nF } 
J ; A 
ul i 
: i { ’ 
na Bie | roe + yk: doe [ ry i 
w “Uwad fi ae t “ ha ee igo" 
j 
ji a 7%, 4 PT} ad! ; ‘ i 
f i t le ea 2 iy } ‘hal cb. i { 
my he 82% / Pa A ve +) O° A} 
‘ \ ; i lig Wye 
‘ + A fi . > 
tT 4 oy ty oy f ‘ . Pr ee a. oa on: Piet bey my i, a e 4 "1 '® nA 
RI | Ch twas AD POC OR es ee Deby Lan oe ai ef evel ef 
ei ah i ; MN Give. | 
ie] hi) ¢| ‘i iy 7 


Lalgasksedue yroy 6 iat poral ‘a % outs sah ia 


=, 


HH.6 


24 


25 


ANGUS, STONEHOUSE & CO. LTD. Mirkin, dr.ex. 605 
TORONTO, ONTARIO (Lamek ) 


one which added on to what might be a normal, of 
something of two in a patient might cause someone to 
be quite concerned. 

On the other hand, it may be possible 
if this contribution is fairly constant again we 
can sort of subtract it out ad hoc. Now, I hesitate 
to suggest that. I'm sure the: author of this report 
would be horrified at that suggestion, and I would 
also. 

So,. 1 don't mean to take 1eteghtly. 
I mean to emphasize the importance of this observation, 
if I may, and suggést that we look at it, you look 
at it very carefuly to see how it may falsely elevate, 
have elevated some of these values. 

MR. LAMEK: Mr. Commissioner, it is 
a few minutes before four and a very odd time to 
suggest this, but I wonder if we could have a very 
brief break, perhaps for five minutes, lI think. i'm 
finished but I would like a word with Dr. Mirkin 
before I finally say that I am. Can we do that 
please, Mr. Commissioner. 

THE COMMISSIONER: Yes. We'll take 
five minutes. 


--- Short recess. 
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--- Upon Resuming 

MR. LAMEK: Mr. Commissioner, for 
this relief much thanks. Just a couple of small 
matters that I would like to perhaps clarify with 
Dra Mirkin \betore: 1. close. 

Ors Dr. Mirkin, you referred 
this afternoon to that hail and hearty child who 
was admitted to your hospital, I think you said 
after a single acute dose, overdose of digoxin 
recording a serum level of, you recall, 50 to 55 
nanograms per milliletre. I think you said he had 
a healthy heart. Was he in any respect, as far as 
you could see, unhealthy. 

Be None. 

On Okay. Not the sort of child 


to whom digoxin would normally be administered in 


any event, I take it? 

VNR No; that. S1cOrrecn, I only 
use that case to illustrate a distinction in a normal | 
patient between those who received the drug chronically 
obviously would not be given to a normal patient, and 
an individual who sufferred from an acute ingestion 


of a large amount of a taxic agent. I use it to really 


point out the importance of distinguishing between 


these events. 
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TORONTO. ONTARIO (Lamek ) 
1 
2 Os Doctor, with respect to infant 
3 cardiac patients, are you able to recall the highest 
4 serum level that you have seen amongst such patients 
5 who are receiving digoxin on a routine basis? 
6 A. I think in patients who are 
7 monitored quite carefully we have had patients who 
8 have gone up to 8 or 10 nanograms per mill before 
9 sometimes we are able to catch it. 
ae QO. And were those patients 
11 exniblting fany+signs of toxtéevty? 
-- A. The ones that I recall did 
- begin to show toxic signs, probably at about 10 and 
te there are probably some where we saw it at substantially 
a lower concentrations. These would be arhthmias 
i primarily. | 
nt ag I asked you a number of 
re questions about post mortem levels of digoxin blood 
ot and in tissue and the interpretation of those levels 
a if such interpretation was possible. I need to be 
es fare «to youy +l “didn't mean noveto' be’ Doctor. Have you 
se in your clinical practice or in your reasearch ever 
a done any level assays in post mortem tissue or 
fe interpreted assay results in post mortem tissues? 
A. Well, I could be a bit more 
¥ specific. We have not carried out post mortem studies 
' 
28 
29 
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in human infant or adult tissue or biological specimen 
but we have done, as I realise now, considerable 
work in using animals in post mortem specimens. 

Oo. With respect to children in 
your hospital, you are telling me that there is no 
post mortem study which you have been involved? 

Ae None. 

a Pel |) Sent. And fairly, 
therefore, I take it your answers to me were based 
upon your reading of such literature as there is on 
that subject? 

re Tigers our tect. 

oO I think there was one slide 
you thought would be helpful to us, Doctor, in under- 
standing something you have said. I wonder if we 
could see that now, please. 


A. Can you see this top one? 


I have another copy of that which is larger if you hang | 


on a second. I'm sorry I can't do any better than 
that; Well, bad news, I'll have to shout. 

te You call and I'll point, how 
26 that? 

A. Yes, stand up comics!. That's 
fine, thank you 


Now, the only point - there are two 
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slides which I would like to show. This will show 
the serum digoxin concentration and this is the 
percentage of individuals who had intoxication. 
These are adults not children. 

First off, you will notice that here 
we have concentrations, as I mentioned in the adult, 
about 1.5 might be considered therapeutic. Here they 
Have we up °coO.4, but this 1s abouts right, You can 
see that most of the patients in the open bars are 
non-toxic. When we start getting concentrations that 
excede 2 and all the way up to greater than 8, you can 
see then that there is an increasing frequency of 
intoxicated patients. But the critical pone thiag.. 
would like you to recognize is that there is an overlap| 
from, ..5 to 3, even, in the adults. 

Okay, that is a substantial number of 
patients. 

So, even in the adult, the cut off 


point is not as precise as we would like it to be, 


in childhood. 


THE COMMISSIONER: You are going 
to have to distinguish these various parts of 
Exhibit 6 somewhat. T don't know how, but perhaps 


you could read them into the record. 
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Yes, I wonder’i1£ I could’ deal’ with 
chen, > Bxhi bits? 6A WSR and Soron with a-title for-each 
and I am sure we can do that. 

THE COMMISSIONER: Yes 

THE WITNESS: Now finally this is*a 
slide that is taken from a paper that we published, 
this is on children. There are two points that I 
tnink Dewan’ to emphasize.” ) Parst, this*is*a 
concentration which goes from zero up to 5.6 nanograms 
per millilitre and along this sets out the hours 
after administration. 

L-think 2" 1s* a" porntrto- recogni se 
that here is the controlled blood level in these 
patients before they received a dose. All these 
patients were on, were receiving a standard routine 
dosage of digoxin and their level in this calculation 
is in*the young infants, 2.4 to,there was one very 
low down here. This is 12 hours after the last dose. 
The dose that was given here is zero hours and we 
measured it on an hourly basis, the blood level. The 
key here is this: that when a blood level is taken 
from a patient, when is an appropriate time to take 
it? Quite obviously if one were to take a specimen 
within an hour or two after an oral dose now, these 


are all doses here, one would get a relatively high 
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concentration and yet it should be emphasized, even 
in these patients with concentrations of 5.6 to 5.2 
up here, after one hour, we could not, we were unable 
to establish any meaningful correlations with toxicity. 
So, therefore, if one were to try to 
relate that blood level to toxic events, you get into 
a very jumbled interpretation. We therefore, and I 
Bhinksothers.concurn, inthis. «felt that at. was 
important to emphasize the time after administration 
of the dose at which the serum concentration should 
be measured, and on the average came out to something 
Sor 6. hours. You can see from this,. night about this 
point that it came down from the higher level beginning 
to plateau: out.in.a more flat.line.. ein. tbhati way. 1 
think one can be assured, at least better assured, 
that some of these concentrations may have some more 
relevant relationship as predictors. So again I 
think as we examine blood levels in greater detail 
1t. 15 importantyto pielwon artime, attersdzyug 
administration at which the specimens were obtained. 
MR. LAMEK: Og Doctor, you just 
raised one point and I would. like you to clarify it 
and it will only take one question. 
You said you sampled, I think it was 


12 hours after administration of the oral dose? 
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BY That was the controlled specimen 
which we used. You see, these drugs are usually given 
every 12 hours. 

OF What is an appropriate period of 
time to permit to elapse between dosage and sampling? 

A. tf’ think IT "tried to*emphasize 
between 5 and 6 hours which would give us, eliminate 
that post-absorption peak and allow an accurate 
reflection of what the serum level is after the drug 
Ps "distributed: 

MR. LAMEK: boctor, thank "you very 
much indeed. 

Mrs Commissioner) it ‘1s"'4: 207 "1 “think 
Dr. Mirkin deserves a short break before he meets with 
benere counsel,» may we say 5 o'clock in the 
Commission's offices? 

THE COMMISSIONER: All right, some of 
us will not be there. 

MR. LAMEK: In Hearing Room No. 2 on 
the 2lst floor, Mr. Commissioner. 

THE COMMISSIONER: Alt right. Yes 
Mr. Marshall, what is your problem? 

MR. MARSHALL: May I, Mr. Commissioner, 
when these charts and graphs are made available, may 


they also include the source from which those charts 
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and graphs were obtained, what papers or textbooks, 


or whatever, both the source and the date? 


THE COMMISSIONER: Is that possible? 

THE WITNESS < Cartaimnly,¢ Lwthank 1t 
is imperative. 

THE COMMISSTONER: Incthi nk: that wid 
be on the document itself. Those documents have not 


yet been tendered and when they are tendered they will 
have a letter after the 6 and some more precise 
identification, so we can know when it should be and 
perhaps we may even have to read it into the 
rranscrypt. 

MR. LAMEK: I am content with that, 
Mr. Chairman, as soon as they become documents that 
ves what. 1 wild ido.. 

MR. MARSHALL: I have one other 
problem. 

THE COMMISSIONER: Yes. 

MR. MARSHALL: IT understand that today 
was the date that the statement of facts, prima facie 
facts was to be released for public mauling. 

THE COMMISSIONER: Iethink <bb.4.6),.900q1nNg 
to be tomorrow. 

MR. MARSHALL: Will the various 


responses that have been filed with Commission Counsel 


18.) in ey 
a 48 
; RP aa 
ne Van) F 
| 4 i} 
, 
» t P ( 
; z+ j 
yy 
i 
’ 
f ; 
OL OG 
t 
f ' f Pe * 
a $ lier TBS 
y ; 
Ad / \ J 
1 
t 
i ’ 
j 
t 
\*s a 
w TSI AN ‘ont iy 
c 
boas | 
‘ } Le 4 Aye 1000 ; 3 
if 
\ f / H * epee 41 1. i | : 
- Se i | at's - : 
‘. ‘art ‘i yk , 
‘y 4 a | : P P j rn ion es" ; l i Fi 
; : ' i. al ‘ 
4 oh i wi AL OP Bis) Mee Set 
, ; 
j 
, 
t f a) “+ of 4 
¥ to JOEHOLeS Sd O98 maw jad 
} F i a Per ate ry v1) ek on . 
io, wae A Pet LOU) | EST 
pire ~ 
\ ; 7 y : 5 , 
i ‘ ! wit) i 
( i alae ‘i al Esch ct ‘os 
‘ uf i ay i 
, 5 } 7 t 
i ' v ui uP i 7h a 
Jt/:eav crates: fT oie Me. ee ae ‘ 
mee A RIO NRT OL DN rae} Aes nea, erin ee 
f, i os Lay 4 f 
4 ’ { ° ‘ cael : 
. P on . la iad vs. 
WroOG MOizea tama) Apt fh 
y ! ~" 
Fite 
Pi 
i 
! 
> : 
“ we 
\ 
5 i 
i i Oo 
J 


a 


ANGUS, STONEHOUSE & CO. LTD. Mirkin 614 
TORONTO, ONTARIO 


at that time then be filed as exhibits, sequential 
exhibits? 

MS. CRONK: Mrs -Conmiesioner , Li I 
may, this morning the comments received from all 
other Counsel were circulated amongst other Counsel, 
it is our hope to at least make recommendations just 
as to how the statements should be treated, if not 
tomorrow, Thursday. 

THE COMMISSIONER: We will deal with 
it further at that time. Nothing dreadful is happening 
overnight. 

Those of us who are not going to meet 
at the Commission offices at 5 o'clock will meet here 
tomorrow at 10700) a.m. 

MR. MALEK: thank-you; Sin. 

THE COMMISSIONER: Dre. Maeekin? 1 ae 
been a pleasure meeting you. 

MR. ORTVED: Just as 2 poLne oF 
procedure. I spoke with Mr. Lamek about this, now 
that we are getting to a large number of exhibits I 
wonder if it is possible to have distributed a list 
of exhibits so we are all dealing from the same basis. 

THE COMMISSIONER: A list of numbers? 

MR. ORTVED: Yes, but I think really 


you are looking at the wrong person, Mr. Elliott is 
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the man to do that. 


--- Whereupon the hearing was adjourned at 4:25 DM. 
until Wednesday, June 29th, 1983 at 10:00 a.n. 


a 


aii? 


’ 


= _ See ae 


* he ¢ Cat 1 Le 
‘ : Vine 
Om, ; 
a 
i ¥ A z es ; 
& - d : P 
: ¥ 7 ; 
1 < y a 
F iw 
{ ‘ , \ 
Fy : of 
' 
; ; Uns cle Sider 
z 
2 
. =\# | ; _ 
S : : 
‘ 
A ¢ x, - ‘ 
? PY hel * 
~*~ ,* i] ° 
: ’ i} y 
a . , 
<) 5 : ‘ 7 
. Py’ be ~ 
n ‘ . a, 
a 
\ =! ‘ 
° ‘ a VA 


‘J 
‘ ‘ ¢ : 
{ j ; 
} € : ; 
‘ r 
> . ' 
Wea 1 
- f 
, Se % 
P. ’ j 7 
| % : 
; < 
i r i 
7 | 
} ro 
é } i 
f t 
; ‘ 
- . ‘ 
: : 
S R 
i i 
i . 
v 
x ? 
i 
’ 
‘ i 
: 
, Ys : 
« 
J 
" ’ 
a 
+2 f« ~ 
pe a m ' 
Bs 
lg - 
ao 
ae 
‘ , i 
4 - 
F : 
* { wt ; | j 
a 


